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PRESIDENTS TRANSMITTAL MESSAGE 
TO CONGRESS 

TO THE CONGRESS OF THE UNITED STATES: 

fhe fact that the United States is first in space is well known; it is less 
well known that we are also first in oceanic science and technology. And 
while most of our citizens recognize the opportunities which lie before us 
in space, fewer understand the enormous benefits which can flow from our 
national marine activities. 

During 1969, the National Council on Marine Resources and Engineering 
Development, chaired by the Vice President, identified a number of policies 
and programs concerning the sea which, in their judgment, deserve Federal 
support. I am today transmitting to the Congress the Council’s annual 
report, Marjie Science Affairs— Selecting Priority Programs.” The marine 
reience programs which I have approved for Fiscal Year 1971 are based 
in part on the Council's recommendations. 

f0r provides $533.1 million for marine 

»dence and technology activities. These funds would help us to Improve 
the management of our coastal zone, expand Arctic research, develop a pro- 
gram for restoring damaged lakes, expand the collection of data concerning 
ocean ana weather conditions, reduce merchant ship operating costs, and 
undertake other important projects. The funds would also support U S 
participation In the International Decade of Ocean Exploration, a program 
whkh can con tabu te much to the quality of the marine environment and 
to the pursuit of work) peace. 

In November of 1969, this Administration sent to the Congress a compre- 
hensive proposal for protecting and developing the land and water resources 
of the nation t estuarine and coastal tone. I hope that the Congress will give 
this program early and careful attention. 

The Federal government will continue to provide leadership in the 
nabon s marine science program. But it is also important that private in- 
dustry, State and local governments, academic, scientific and other Institu- 
tions increase their own involvement in this important field. The public and 
private sectors of our society must work closely together if we are to meet 
the great challenges which are presented to us by the oceans of our planet 




This Want House, April 1970 . 
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A Report to the President From the National Council 
on Marine Resources and Engineering Development, 
April 1970 

Tri# Report to the President on Marine .Science At fairs is prepared In ac- 
cordance with Publk Law 89 - 434 , th* Marine Resources and Engineering Develop- 
ment Act of 1966 , which states that the President shsll transmit to the Congress 
an annual report Including (a) a comprehensive description of the activities and the 
accomplishments of all the agencies and deportments of the United States In the field 
of marine sciences during the preceding fiscal year, (b) an evaluation of such activities 
In terms of the objectives set forth purtuani to Public Law 89 - 434 , (c) such recow 
mendatJon* foe legislation as the President may consider necessary or desirable for the 
attainment of the objectives of Publk Law 89 - 434 ; and (d) an estimate of funding 
requirements of each agency and department of the Federal Government for marine 
science activities during the succeeding fiscal year. 

The Marine Resources and Engineering Development Act was amended by Publk 
Law 89 - 688 , the National Sea Grant College an<{ Program Act of 1966 , which also 
requires an annual report by the President on Sea Grant colleges and programs. 

This Report on Marine Science Affairs Is submitted to the Congress in response 
to both requirements. It was prepared by the National Council on Marine Resources 
and Engineering Development The Council, touted In the Executive Office of the 
President, Is composed of: 
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VICE PRESIDENrS LETTER 
TO THE PRESIDENT 



The Vicb President, 
Washington, D.C., April 1970. 

The President, 

The While House, 

Washington, D.C. 

Dear Mr. President: 

As Chairman of the National Council on Marine Resources and Ergi- 
neering Development, I take pleasure in forwarding the Council’s Annual 
Report, "Marine Science Affairs — Selecting Priority Programs." 

The Report reviews the activities and accomplishments of all Federal 
departments and agencies in the field of marine sciences during 1969, and 
evaluates these accomplishments in terms of the objectives of the Marine 
Sciences Act. 

Important progress has been realized in a wide range of marine science 
activities including research, engineering, exploration, mapping, and envi- 
ronmental services. Significant marine science developments, as described 
in the Report, have occurred in the fields of international cooperation, 
national security, marine resources, transportation, coastal zone manage- 
ment, and environmental quality preservation — reflecting the Nation's grow- 
ing use of the world ocean. Federal leadership and support are important, 
but we must look to other sectors to carry out major roles in the national 
ocean program — particularly to industry for the recovery of ocean resources 
and to the States for the management of the coastal tone. 

The Federal marine science budget has shown substantial growth from 
$463.4 million in Fiscal Year 1969, to $314.3 million in Fiscal Year 1970, 
to $333.1 million requested in your budget for Fiscal Year 1971. This re- 
quest includes an increase in obligations for marine science, technology and 
related activities in civilian agencies of $42 million e*er Fiscal Year 1970. 

During 1969, the Marine Sciences Council advanced from the identifica- 
tion of critical Covemment-wide marine science issues to the development 
of priority programs to meet national needs. The Report sets forth the 
priorities that have emerged in the Federal marine science program and 
describes the initiatives you have approved for Fiscal Year 1971 including: 
—A national policy and Federal grant program to encourage States 
to improve planning and management of their coastal areas. 
—Marine research, essential to wise use of the ‘oastal environment 
—Lake restoration programs aimed at resto:'ng tne Duality of seriously 
damaged nation*] waters, Including die Great Lues. 



— Arctic environmental research to permit fuller, rational use of the 
Arctic region. 

— The International Decade of Ocean Exploration, a cooperative pro- 
gram with coordinated research, surveys and data sharing leading 
to mutually beneficial understanding of the world ocean. 

— Expansion of the program to develop oceanographic and atmos- 
pheric buoys for productive multi-agency use in a broad-ranging 
program. 

— Research and development to reduce merchant ship operating costs. 

These initiatives will build on the broad base of on-going Federal activity, 
placing emphasis on environmental quality, wise development of the Nation’s 
fragile, invaluable coastal rone, and meaningful international cooperation. 
The)* provide the basis for concerted action by the Federal Government, 
State governments, the academic community, and induitry to meet the 
Nation’s priority oceanic objectives. 



Sincerely, 




ti 
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INTRODUCTION 



With the enactment of the Marine Resources and Engineering Develop- 
ment Act of June 17, 1966, increased Federal attention was focused on 
marine science affairs. Clear recognition of oceanic potential, problems 
and goals is reflected in the Act’s statement of national purpose : “It is hereby 
declared to be the. policy of the United States to develop, encourage, and 
maintain a coordinated, comprehensive, and long-:ange national program 
in marine science for the benefit of mankind to assist in the protection 
of health and pioperty, enhancement of commerce, transportation, and 
national security, rehabilitation of our commercial fisheries, and increased 
utilization of these and other resources.” 

The Marine Sciences Act 1 provided — 

(1) A new emphasis on Presidential leadership; 

(2) An interim Cabinet-level Council, chaired by the Vice Presi- 
dent, to assist the President in policy development and coordination of 
the Federal marine sciences program; and 

(3) An interim public advisory Commission to identify the Na- 
tion’s stake in the oceans and to recommend future steps for the 
national program. 

The Act also gave the President responsibility for implementing the leg- 
islation by — 

( 1 ) Developing a comprehensive marine science program involving 
Federal agencies working in cooperation with the entire spectrum of 
non-Federal organizations including State and local governments, 
private research institutions, and industry; 



‘Following ore some abbreviations and definitions in use in the marine sciences 
field: 

The Act is customarily called the Marine Sciences Act. See app. B-2 for its 
full text. 

The National Council on Marine Resources and Engineering Development is 
usually abbreviated to the Marine Sciences Council. 

The Commission on Marine Science, Engineering, and Resources, no longer 
m existence, is usually referred to as the Marine Sciences Commission. 

“Marine science" is a term employed in Public Law 89-454, sec. 8, to de- 
scribe scientific research, engineering, and technological development related 
to the marine environment. 

The “marine environment” is considered to include the oceans, the Continental 
Shelf, seabed and subsoil of submarine areas and resources thereof, and estuaries 
of the United States and its territories, the Great Lakes, and the resources of the 
ocean and Great Lakes. 
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(2) Conducting long-range studies of the potential benefits to our 
economy, security, health, and welfare from ocean activities, and of 
the legal aspects of resource management; and 

(3) Evaluating the total national program in terms of the legislative 
mandate and reporting annually to the Congress on accomplishments, 
budgets, and needed legislation. 



Role of the Council 

The National Council on Marine Resources and Engineering Develop- 
ment was created in the Executive Office of the President to assist the 
President in planning, development of policy, and coordination of the 
activities of the 11 Federal departments and agencies with marine science 
interests (see table A). The Council has also carried out policy-planning 
functions for the Sea Grant Program, established by Public Law 89-688 
and administered by the National Science Foundation. (See app. R-3 for the 
text of the Sea Grant Act ) 

Table A— Federal Marina Sclance Activities 



Agency 



Mission 



Department of State 



Agency for International Develop- 
ment. 

Department of Defense ^ 

(Navy; Advanced Research 
Projects Agency; Army 
Corps of Engineers.) 



Department of the Interior 

(Geological Survey; Federal 
Water Pollution Control 
Administration; Bureau of 
Commercial Fisheries ; 
Bureau of Sport Fisheries 
and Wildlife; Bureau of 
Mints; Bureau of Land 
Management; National Park 
Service; Bureau of Outdoor 
Recreation; Office of Saline 
Water; Office of Marine 
Resources.) 

Department of Commerce 

(Environmental Science 
Services Administration; 
Maritime Administration.) 



Participation in international organizations; sup 
port of international fisheries commissions 
international marine policies. 

Foreign assistance and food resources for develop- 
ing nations. 

Ail phases of oceanography relating to national 
security; naval technology; statutory civilian 
responsibilities: Great Lakes, river, harbor, 
coastal, and ocean charting and forecasting; 
Great Lakes, river, harbor, and coastal de- 
velopment, restoration, and preservation. 

Management, conservation, and development of 
marine natural resources; lead responsibility for 
coastal zone management planning and re- 
search; 1 measurement and enforcement of 
water quality standards; acquisition, preserva- 
tion, and development of coastal areas; identi- 
fication and development of technology for 
evaluation of mineral resources; identification 
of sources and interrelationships for supply of 
fresh water. 



Lead responsibility for air/sea interaction program 
and marine environmental prediction program; ' 
tsunami and hurricane warning; charting and 
mapping of coastal and deep-ocean waters; 
research on ship design, shipbuilding, and ship 
operations; marine transportation and port 
systems. 
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Table A— Fadtral Marina Scltnc# Activities— Cent I miad 



Agency Minion 



Department of Health, Education, 
and Welfare. 

(Public Health Service; Office 
of Education; Food and 
Drug Administration.) 
Department of Transportation . . . . 
(Coast Guard; Office of the 
Secretary.) 



Atomic Energy Commiiion. . . . 

National Aeronautics and Space 
Administration. 

National Science Foundation. . . 



Smithsonian Institution 



National Council on Marine 
Resources and Engineering 
Development. 



Human health, healthfulness of food, biomedical 
research, and support of education. 



Safety and protection of life and property in port 
and at sea; delineation and prediction of ice 
masses; navigation aids; oceanographic and 
meteorological observations; transport systems 
analysis and planning. 

Radioactivity in the marine environment; develop* 
ment of marine nuclear technology. 

Feasibility, design, and engineering of spacecraft 
and sensors for ocean observations. 

Basic and academic oceanography; lead responsi- 
bility for Arctic research and the International 
Decade of Ocean Exploration t ; facilities support; 
Sea Grant colleges and programs. 

Identification, acquisition, classification, and 
ecology of marine organisms; investigations of 
the geophysical factors of oceanic environment. 

Assist the President in planning, development of 
policy and coordination of Federal marine 
science activities. 



to b« schjsved through multiple, coherent activity of the Interested sfencies-^fondlng gaps, where possible. 
No transfer of any agency’s statutory responsibilities Is involved. 



Underlying the Council's activities have been three fundamental 
concepts: 

1. While the Government through its departments and agencies provides 
much of the leadership and support for ocean research and exploration, 
the development and exploitation of marine resources is the responsibility 
of private enterprise. 

2. State and local participation are critical to the successful management 
of activities in the coastal marine ►environment 

3. In view of the inherently international character of the oceans, a 
multi-national approach to many uses of the sea is essential. 



Annual Reports— A Measure of Progress 

In accordance with the provisions of the Marine Sciences Act, the Presi- 
dent annually transmits a report to the Congress on the state of the Nation's 
marine sciences program, describing the activities and accomplishments of 
the Federal departments and agencies, evaluating these accomplishments, 
and setting forth recommendations as to future policies, programs, and 
funding. 
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The first annual Marine Sciences Council report to the President was 
prepared in’ 1967, entitled “Marine Science Affairs — A Year of Transition.'* 
The report emphasized the transition from scientific oceanography to appli- 
cation of these scientific discoveries, and the transition from considerations 
largely at the program level to a new concern and responsibility at the policy 
level of Government. 

The second annual report, entitled “Marine Science Affairs — A Year of 
Plans and Progress," presented a broad range of policy considerations re- 
lating the potential of the oceans to major national goals and to action pro- 
grams to aid in their achievement. It laid the basis for intensified Govern- 
ment-wide planning efforts and for increased emphasis on selected priority 
areas such as the war on hunger, international cooperation, and implemen- 
tation of the Sea Grant Program, 

The third annual report, entitled “Marine Science Affairs— A Year of 
Broadened Participation,’* summarized accomplishments in 1968, and em- 
phasizing the relationship of marine science affairs to the mainstream of 
public policy and to non-Federal institutions. New emphasis was directed to 
the rational development of the coastal zone, Arctic development, and to 
steps leading to a framework of international law and cooperation in 
the oceans. 

This fourth annual report, “Marine Science Affairs — Selecting Priority 
Programs,*’ summarizes accomplishments in 1909, describing Federal pro- 
grams and policies, and new programs implemented to meet those policies. 
The report describes the priorities that have been selected in the Federal 
marine science program during 1909. A new level of maturity is reflected 
in U.S. oceanic activities, the Nation having advanced from the identifica- 
tion of critical issues, to the establishment of priority goals, and the develop* 
ment of urgent programs to meet those goals. A fundamental precept guiding 
Federal marine science activities during the past year has been that of 
preserving the quality of the environment. Longstanding national efforts 
to protect U.S. citizens from natural hazards of the environment have now 
been joined by the important and essential objective of protecting the en- 
vironment from man and his technology. 

The first chapter of this annual report reviews the steps taken by the 
Federal Government during 1969 to advance and fund the marine science 
program toward goals set forth in the Marine Sciences Act, including the 
Presidential approval of a priority, five-point program for fiscal year 1971 
with emphasis on development of plans for coastal zone management, coastal 
zone research, lake restoration, Arctic research, and U.S. participation in 
the International Decade of Ocean Exploration. 

The second chapter highlights the issue of marine environmental quality 
and examines the many important factors bearing on degradation of the 
ocean, including the causes, effects and prevention of pollution, and misuse 
of the marine environment; the third chapter reports on growing national 
coastal zone activity and a new Federal policy for the coastal zone — the 
area most threatened by problems involving marine environmental quality. 

The ensuing chapters describe Federal marine science objectives and pro- 
grams that serve the following public objectives: 
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1. Facilitating transport and trade. 

2. Developing nonliving marine resources. 

3. Gaining a greater understanding of the marine environment and an 
improved ability to predict its processes. 

4. Improving national use of ocean data. 

5. Strengthening military programs for national security. 

6. Accelerating use of food from the sea. 

7. Improving the training and education of marine science manpower. 

8. Expanding national capabilities to work in the sea. 

The two remaining chapters on international policy and the International 
Decade of Ocean Exploration describe the subkantial increase in interna- 
tional oceanic activities, U.S. foreign policy initiatives. United Nations 
activities relating to the world ocean and seabed, and the decision nationally 
and internationally to implement an International Decade of Ocean 
Exploration. 

The decision to proceed with the five-point program reveals an important 
consideration bearing on the broad spectrum of U.S. marine science 
activities: The more the Nation uses the marine environment, the more 
knowledge it finds it requires. New problems point to the need for intensified 
study and wise management of marine resources if the Nation is to extract 
benefits over the long term. 

The appendices provide detailed marine sciences program and budgetary 
information for fiscal years 1969-71 and include — 

(1) Federal legislation and congressional resolutions relating to the 
marine sciences; 

(2) Marine Sciences Council activities, - contracts, reports, and 
testimony; 

(3) International marine science activities, including resolutions of 
the XXIVth U.N. General Assembly, and the draft seabed arms control 
treaty; 

(4) Sea Grants projects and programs; and 

(5) Listings of U.S. oceanographic ships and undersea vehicles, and 
hyperbaric facilities in the United States. 



Chapter I 

MARINE SCIENCES AND NATIONAL 
GOALS 



In recent years, the United States has recognized the importance and 
potential that the world ocean holds for the Nation's well-being and secu- 
rity, Internationally, the potential of the oceans has stirred intensified 
interest 

The world community has come to recognize the ocean as a primary 
generator of much of the world's weather and the source of nearly all 
moisture upon which life on the continents depends. Nations which some 
25 years ago first turned to the seabed for sources of fuel now realize 16 
percent of the free world output of oil and gas from offshore wells. Nations 
have recognized, too, that the oceans provide a source of protein that may 
assist in solving the world food problem. 

The United States has come to appreciate the esthetic as well as the 
economic values of its precious natural coastline. Forty-five percent of the 
Nation's population is concentrated in coastal counties. Future burgeoning 
m^alopoli will further crowd the coast, and intensified use will generate 
conflict between those who wish to transport bulk cargoes of ore, fuel and 
chemicals thmugh the Nation's marine gateways, those who wish to develop 
industry, those who wish to live, swim, fish, and sail along the coast, and 
those who seek to dump municipal and industrial waste into “convenient” 
estuarine sinks. 

Federal marine science activities in 1969 clearly reflected the Nation’s 
growing use of the world ocean. The Marine Sciences Council continued 
to assist the President in planning, development of policy, and cordination 
of Federal programs. During 1969 the Council placed increased emphasis 
on consideration of management and institutional issues bearing on the 
Nation’s evolving ocean program. The policy and program decisions taken 
during the year served to indicate the Nation's increased awareness of the 
need to understand, manage, and make wise and efficient use of the marine 
environment; an awareness that — 

(1) Growing concentrations of population along the coasts of the 
United States and the world, with attendant problems of multiple use 
and threats of marine pollution, reauire immediate, careful attention; 

(2) The oceans can be used to help meet the Nation’s and the world 
community’s economic and social needs ; 
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(3) New knowledge and evolving technology will jpeed greater, more 
rational realization of the ocean’s benefits ; and 

(4) The oceans will continue to play a major role in national defense. 

In 1969, Federal programs in marine science, technology and related 
activities continued to develop, and in fiscal year 1971 the marine sciences 
budget will increase by approximately $19 million to a total of $533 million. 
The President approved a priority, five-point program to strengthen the 
Nation’s marine science activities in fiscal year 1971. In support of the 
President and in keeping with its legislative manmade, the Marine Sci- 
ences Council examined ocean issues of national importance at a Govern- 
ment-wide policy level and developed recommendations for Presidential 
consideration. 

In 1969, major policy and program decisions, marine research findings, 
ocean engineering developments, and achievements of ocean industry sup- 
ported the objectives of the Marine Sciences Act. Emphasis, in particular, 
was placed on preservation of marine environmental quality and on rational 
management of the Nation’s coastal zone. Further study of lake restoration, 
to determine the feasibility of restoring the quality of some of the Nation’s 
seriously damaged waters, was announced. The development of Federal 
policies for coastal zone management and coastal zone research was under- 
taken, and new programs of Arctic research and international cooperative 
exploration were planned — each serving to advance the United States 
as a leader in marine science and resource development 

Major research programs such as the Barbados Oceanographic and 
Meteorological Experiment (BOMEX) and the ocean sediment coring 
program contributed to the expansion of human knowledge of the marine 
environment The cooperative Govemment/industry Tektite I experiment 
contributed to the development of man-in-the-sea capabilities. The Gulf 
Stream drift mission of the submersible Ben Franklin, the Arctic voyage 
of the supertanker SS Manhattan, and the launching of the Navy’s nuclear 
powered research arid engineering submersible, NR-1, illustrated national 
advances in marine engineering and technology. Bilateral and multilateral 
seabed arms-limitation discussions and the international decision to proceed 
with the International Decade of Ocean Exploration as part of an expanded 
program of ocean exploration and research were indicative of progress 
toward peaceful, cooperative use of the world ocean. 



Federal Marine Science* Policy 

During 1969, the administration gave careful consideration to marine 
science problems and objectives in the context of overall national needs and 
priorities. Immediately after entering office, the President asked the Vice 
President and Council members for recommendations on the proposals 
made by the Commission on Marine Science, Engineering and Resources. 
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On January 9, 1969, the Commission had presented its report, “Our 
Nation and the Sea,” 1 to the President and the Congress. The Commission 
had been established under provisions of Public Law 89-454, to “make a com- 
prehensive investigation and study of all aspects of marine science in order 
to recommend an overall plan for an adequate national oceanographic 
program that will meet the present and future national needs.” The Com- 
mission's report contained a total of 122 recommendations in the areas of 
marine science, marine technology, manpower development, scientific and 
technical information, coastal management, coastal development, pollution 
control, living resources, mineral resources, Government-industry relations, 
research and exploration, global monitoring and prediction, environmental 
modification, technical and operating services, and organization for the 
national ocean program. 

The Marine Sciences Act assigned responsibility to the Marine Sciences 
Commission to recommend an overall, long-range plan for the national 
ocean program, including a recommended governmental organizational 
plan for the national program. Among the Commission's broad-ranging 
recommendations was the call for Federal Government reorganization in the 
marine sciences bringing together many of the organizationally separated 
Federal agencies in a new civilian agency, the National Oceanic and Atmos- 
pheric Agency (NOAA) , which was proposed to serve as the principal instru- 
mentality within the Federal Government for administration of the Nation's 
civil marine and atmospheric programs. 

Following review of the Commission’s recommendations by the Federal 
agencies, the President asked the Chairman of his Advisory Council on 
Executive Organization to evaluate the proposal for a NOAA in the con- 
text of a broader review of Federal organization, taking into account related 
environmental and natural resource areas. 

The organizational views of the Federal agencies are under review. The 
President's Advisory Council on Executive Organization is scheduled to 
report its recommendations on organization of Federal environmental, nat- 
ural resource and oceanographic programs to the President by April 15, 1970. 

Following careful governmental review of the report, the Vice President 
recommended that Federal agencies take the Commission’s program rec- 
ommendations into account when developing their fiscal year 1971 and 
future programs and priorities. 

In May, 1969, the President requested the Marine Sciences Council to 
encourage further improvements in the coordination of Federal marine 



* “Our Nation and the Sea,” report of the Commission on Marine Science, Engi- 
neering and Resources U.S. Government Printing Office, January 1969; and Panel 
Reports of the Commission, available .as a set from the U.S. Government Printing 
Office : Vol. 1 : Reports of Panels on Basic Science, Environmental Monitoring, Man- 
agement and Development of the Coastal Zone, and Manpower, Engineering and 
Training; Vol. 2: Reports of the Panels on Industry and Private Investment and 
Marine Engineering and Technology; and Vol. 3: Reports of the International Panel 
and the Panel on Marine Resources. In keeping with the provisions of the Marine 
Resources and Engineering Development Act, the Commission ceased to exist 30 
days after the submission of its report. 
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science activities. To carry out the Council 1 * iesponsibilities, the Vice Presi- 
dent took steps to augment the Council 1 * policy advisory mechanism by 
establishing the Committee for Policy Review staffed by officials from the 
member agencies of the Council at the Assistant Secretary level, and chaired 
by the Council 1 * Executive Secretary. (The Council 1 * committees are out- 
lined in table 1-1.) 



Table 1-1— Committees of the Marino Sciences Council 

[Tb« committed of tf* Coaocll ha vs It* cwanl rtapoaslbnJtr tor adrttini and aasfetini thaVteo Pr«M«til 
and it* Council, analysing cuntnl and fotura adJifltk* of It* Federal *«*&<£*| w>d und^Ukln* rtudfea 
uid tubmtttta* momintodatiooui to it* Council, either a* awirped or Ml Ihelr Dxirln I 

1909 it* CoundTaoperatlnt procedure! erer* aupmenlod withibe eetabHahment of the Committee for 



from the Sea; andCommlttee on Moltlpk Uaa of the CoaitaT£one.| 



Committee 



Responsibility 



Chairman 



Committee for 
Policy Review. 



Committee oo In- 
ter national Policy 
to the Marine 
Environment* 



National policy pertaining to the marine 
environment ; review and evaluation of 
marine science iaauci requiring Inter- 
agency attention by the Government 
at the policy level; development of 
analytes and rccommendationi for con- 
sideration of such issue) by the Council. 
The Committee establishes interagency 
task fortes and subsidiary bodies, as re- 
quired, to develop specific trues and 
recommendation* for its consideration. 

U.S. foreign policy pertaining to the 
marine environment; International 
activities and Initiatives pertaining to 
the marine environment, Including co- 
operation by the United States with 
other nations and participation in in- 
ternational organisation* and meeting*. 



Edward Wenk, Jr., 
Executive Sec- 
retary, National 
Council on 
Marine Re- 
sources and 
Engineering 
Development. 



U. Alexis Johnsoo, 
Under Sec- 
retary of State 
for Political 
Affair*. 



t EsUbifebfd b* lbs Secretary of SUU, at tha request of tbs W* PraskSeat, W *m the motuaJ Intewta 
Of tbS CJOtXd tOd lb« DHSrtZMftt *( BUU. 



The Committee for Policy Review has met eight times since its estab- 
lishment in June 1969, and has — 

(1) Endorsed establishment of an ad hoc planning tuff under the 
Council secretariat to develop a detailed program for the International 
Decade of Ocean Exploration, and subsequently, reviewed and en- 
dorsed the Decade plan prepaid by the planning staff; 

(2) Established other ad hot task forces to deal with significant and 
urgent Issues, such as coastal tone management; marine laboratories; 
national technology projects; man-in- the-sea; and ship utilization— 
and acted on their recommendations; 

(3) Recommended assignment of lead agency responsibility for ma- 
rine environmental prediction to the Department of Commerce, and 
approved the Department of Commerce 1 * plan for implementing the 
marine environmental prediction program ; 
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(4) Recommended assignment of lead agency responsibility to the 
Department of the Interior for coastal rone management and requested 
the Department of the Interior to develop plans for coastal rone 
research; 

(5) Took action on recommendations made by a Review Panel 
composed of non-Federal experts which included an agency review of 
major marine research programs, priorities for advanced ship research, 
ports and harbors, food-from-the-sea programs, and an Office of Naval 
Research review of submersible utilization; 

(6) Requested and endorsed Sea Grant policy developed by the 
National Science Foundation and its Office of Sea Grant Programs; 
and 

(7) Recommended a strengthened and broadened role for the Na- 
tional Oceanographic Data Center and its Advisory Board. 



Th# Flv*»Polrtt Program for Fiscal Yoar 1971 

In October 1969, the President approved a priority marine science pro- 
gram for fiscal year 1971 with emphasis on the following five areas: 

1. Coastal zone management . — A new policy will encourage States to 
improve their management of coastal areas and the Great Likes, with a 
grant program to aid States to plan and manage coastal activities. To this 
end, the Department of the Interior, on behalf of the administration, sub- 
mitted a legislative proposal to the Congress providing for the establishment 
of a national policy for the development of coastal areas and authorization 
of Federal grants, with matching State contributions, to encourage and 
facilitate the establishment of State planning and regulatory mechanisms. 
Such legislation should assist in insuring that rapid coastal development 
does not destroy limited coastal land and water resources and that all 
interests in the coastal regions would be assured consideration— for port 
development, navigation, commercial Ashing, mineral exploitation, recrea- 
tion, conservation, industrial developn>ent, housing, and power generation. 

2. Coastal tone research.— $ teps will be taken to identify requirements 
for research and analysis related to coastal zone problems, to assess the 
adequacy of existing Federal, State, and other institutions to provide required 
research, and to determine how additional research can be used to improve 
the management of coastal tones. 

3. Lake restoration. — To determine the feasibility of restoring the quality 
of some of the Nation's seriously damaged waters, including the Great 
Lakes, lesser lakes and many estuaries, by testing existing clean-up technology 
on smaller bodies of water, and developing new methods to establish the 
most practical and economical means, studies will be Initiated. The Depart- 
ment of the Interior is assigned the responsibility for the lake restoration 
program, and work is already proceeding under the auspices of the Federal 
Water Pollution Control Administration for research on some portions of 
the problem. 

4. International Decade of Ocean Exploration.— Funding will be pro- 
vided for 1)5. programs which will be a part of the International Decade of 
Ocean Exploration, and the United States will propose Internationa] 
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emphasis on the following goals: Preserving the quality of the ocean environ- 
ment, improving environmental forecasting, expanding seabed assessment 
activities, developing an ocean monitoring system to facilitate prediction of 
oceanographic and atmospheric conditions, and improving worldwide data 
exchange. It is hoped that accelerated Decade planning will increase oppor- 
tunities for international sharing of responsibilities and costs for ocean 
exploration, and will assure better use of limited exploration resources. 

5. Arctic environmental research . — Arctic research activities will be 
intensified, both to permit fuller utilization of this rapidly developing area 
and to insure that such activities do not degrade the Arctic environment. 

Funding for the implementation of these programs is provided in the 
President’s fiscal year 1971 budget. The programs are clearly related to 
national goals and require priority attention. They reflect the appropriate 
role of the Federal Government in providing information about the environ- 
ment and in protecting the public interest, as for example with coastal 
resources that are held in trust for U.S. citizens by the individual States. 
They note the transition from the time when man had to protect himself 
from a harsh environment to a new era when he must protect the environ- 
ment from himself. They reflect a strong desire for other nations to join 
in the exploration of the tea and to share in the cost of exploration as 
well as in the benefits. 




Ths Fadtral Marina Sciences Budget 

Increases in the Federal marine sciences budget reflect the policy decisions 
taken with the five-point program. Obligations for marine science, tech- 
nology, and related activities in civilian agencies will increase by $4? 
million in fiscal year 1971 over fiscal year 1970 and $74 million over fiscal 
year 1968, as indicated in table 1-2. The increase for civilian programs is 
partially offset by reductions in Navy mapping and charting and deep 
submergence programs. 

A major bend In the new and expanded programs in civilian agencies 
involves observing, measuring, and understanding conditions and trends 
in the marine environment and man's impact upon it; this trend is reflected 
in table 1-3 which presents the Federal marine sciences program by major 
purpose. Increases are provided in the National Science Foundation for the 
International Decade of Ocean Exploration, for expanding the ocean sedi- 
ment coring program, for Antic research, and for the national Sea Grant 
Program — particularly to support coastal tone research. Funds are requested 
for the Department of the Interior for the new coastal tone management 
grant program and for the initiation of a lake restoration program. Increases 
in the Department of Transportation will permit expansion of advanced 
development of ocean data buoys for monitoring weather and sea conditions. 
In the Depa r tment of Commerce, increases are provided in the Maritime 
Administration for beginning a long-term program for reducing ship operat- 
ing costs— a part of the administration's maritime program. 
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Within the Department of Defense, the Advanced Research Projects 
Agency will begin v.oric on surface effects vehicles. However, this increase 
in defense is more than offset by reductions in other areas. 



Developing a Concerted National Effort 

An overview of the Nation’s marine science program highlights the 
wide range and diversity of purposes, institutions, specialized bodies of 
knowledge, and Federal activities that make up the missions of 1 1 depart* 
ments and agencies. Two administrations since enactment of Public Law 
80-454 have employed the Marine Sciences Council to assist the President 
in marine science policy development, planning and coordination so as to 
develop a concerted national effort. Underlying the Council's method of 
operating are three concepts — 

(1) It should aid in strengthening the programs of the agencies and 
in coordinating activities so as to foster an enterprise stronger than the 
sum of its parts; 

(2) Its scope of activity, in keeping with the spirit of the legislation 
to take into full account all the uses of the oceans, should be broader 
than programs of scientific oceanography; and 

(3) Emphasis should be placed on the institutional framework and 
governmental processes by which science is blended with considerations 
of law, socioeconomics, and public policy and should seek new ideas 
within and outside Government. 

The Council has assisted two administrations to (a) identify unmet 
needs and opportunities to which Federal marine science programs could 
be directed, especially gaps in programs that cross agency lines; ( b ) recom- 
mend priorities on a Government-wide basis by selecting areas deterring 
additional emphasis; (e) identify impediments to progress and strategies 
for their circumvention; (d) develop policies by which the objectives and 
programs of one agency will not inadvertently conflict with equally valid 
but independent activities of another; («) recommend— in thoee cases 
where missions of several agencies may overlap— that one agency assume 
a lead responsibility for Government-wide planning, guiding, coordinating, 
and assuring fiscal support; (/) coordinate — through a committee struc- 
ture— programs which are of concern to many agendas; (g) insure that the 
appropriate sources of the Federal Government are brought to bear on 
mutually agreed upon goals; (h) evaluate programs so as to eliminate 
marginal activities; and (f) develop background, legal, economic, and tech- 
nological studies for Identifyiry alternative policies and criteria for choice. 

The Marine Sciences Council's professional staff includes specialists fat 
ocean sciences, engineering, national security affairs, public administration, 
data, marine geology, economics, and International relations. The Council 
staff assists in Identifying policy issues, developing and analysing background 
material, and proposing action programs. Also, the Ooundl obtains addi- 
tional advice through contract studies and from Its consultants. 
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In addition to developing recommendations for the President, the Coun- 
cil, through its secretariat, has — 

(1) Prepared an annual report for the President — a comprehensive 
description of the marine science activities, funding, and accomplish- 
ments of all agenc : 4 and departments of the U.S. Government; 

(2) Sponsored ,egal and long-range policy studies, directed toward 
developing background for Presidential policy development and pro- 
gram coordination; 

(3) Released to the public a compilation of 2>600 marine science 
projects sponsored by the Government, oceanographic ship operating 
schedules, potential of spacecraft oceanography, and documentation on 
marine science activities of some 100 countries; 1 

(4) Brought the views of State and local governments, universities 
and industries, more directly into the main stream of national policy 
planning; and 

(5) Responded to congressional requests for testimony and com- 
mentary for several congressional committees on legislation dealing with 
marine affairs. 1 



Tab!# 1 - 2 — Total Fsdsral Program 1 by Department and Kndapantfant 

Agency 

(lo mtUiooi etdottaa] 



KfUmUtd ' 

r hr 



Department of Defense 11 259. 7 2618 239.7 

Department of the Interior 1 89.8 98.5 95.0 

National Science Foundation 34.9 4<X7 610 

Department of Commerce 31 1 49.2 519 

Department of Transportation 19.8 31.3 *42.6 

Atomic Energy Commbrioo 10.6 10.0 9.7 

Department of Health, Education, and Welfare. . . . 7.3 7.0 9.0 

Department of State. .. . 19 7.7 14 

Agency for Internationa] Development 1.5 2.6 2.6 

SmittonUfi Institution 1.9 1.9 2.4 

National Aeronautics and Space Administration.... 1.9 1.8 1.8 



Total 461 4 514.5 533.1 
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1 See app. C-3. 

♦SeeappCM. 
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Tibi# 1-3— Tout Ftdtrtl Marin# Sd#nc# Pro (ram ' by Major Purp### 

tin mCttoos of dotlan] 



Activity and supporting ifenty 


Estimated 
footer rer 


Estimated 
fiscal y Mr 
1970 


PrMtdeot’s 
bod yet 
fiscal year 
1971 


Internationa] cooperation and collaboration 


8.4 


10.3 


11.0 


National security 


127.2 


129. 1 


116. 1 


Fishery development and seafood technology 


45.3 


512 


45.6 


Transportation 


16.7 


29.6 


40.9 


Development of the coastal rone 


32. 1 


40.7 


45.8 


Health 


6.0 


5.9 


a2 


Nonliving resources 


8.0 


9.2 


9.2 


Oceanographic research 1 


7a 4 


82.5 


108.2 


Education 


6.7 


a4 


a2 


Environmental observation and prediction 


33.7 


31.7 


32.8 


Ocean exploration, mapping, charting, and geodesy. 


79.7 


89.4 


74.7 


General purpose ocean engineering 


19.1 


22.8 


29.5 


National data centers 


17 


2.7 


3.0 


Total 


4615 


514.5 


5511 



i Huy trotrtnJ el U* Departments U MnM, Coomro, 

Sftodet aomj related to marine sdcooe, are not tocfoded. Proi 
sortece pUUormi and by htatfiMNN Water Resoare* Ra 
(m fint Ui»f 

» Restart* beneficial to mere than mm ol the other major porpoes catepritf. 



Interior, and TraasportaUoo, and other 



Profremi supported by ARPA on sdnooed 
Raseartfe on marine reeeerth are tododed for 



Flgura 1-1— Th# Marina Manta ami Tatfinalacy Dollar, Final Yaar 1171 




IS 



Chapter II 

PERSPECTIVE ON PRESERVING THE 
MARINE ENVIRONMENT 



The earth it a water planet The global ocean’* 140 million square miles 
of surface and 330 million cubic mile* of water stretch over 70.8 percent of 
the earth’s surface and wash the shores of over 100 nations. The water* of 
the ocean have a profound influence on man and his environment They 
play a major role in governing his climate. Their phytoplankton produce 
over half of the earth’s oxygen. They are a rich source of food, energy, and 
minerals, a highway of commerce, a receptacle for waste*. The ocean’s shores 
are the site for urban centers and industry, a place of refuge from industrial 
civilization for the commercial and sports fisherman, swimmer, boatsman, 
and sunbather. 

Man is only one of the ocean's users, and the most recent The ocean, 
likely the original source of life, is populated by a pyramid of living crea- 
tures whose abundance, variety, antiquity, peculiarity, beauty, and balance 
are among nature’s wonder*, life is found throughout the ocean’s waters, 
but most living creatures of the sea inhabit the coastal zone and the shallow 
continental shelf areas. Here land and ws'er meet and the nutrients mingle. 
The estuaries, lagoons, wetlands, and beaches are primary sanctuaries for 
water fowl, nurseries for coastal fisheries, habitats of a rich variety of plants 
and animals. It is estimated that most of the total domestic U S. commercial 
fish catch is obtained from the Nation's coastal tone. 



UpMttfof the Ocun'i M»|lt il Brian* 

The history of life in the ocean is one of interaction between the living 
creatures and the oceanic environment— the water, the air, and the land. 
To a large extent the shapes and habits of each living creature in the sea 
have been molded by that environment Each has adjusted to and has 
been shaped by the ocean, end over the millions of years a series of deli- 
cately adjusted, Interlocking relationship* have developed. The life of ell 
parts of the ocean is linked— the plankton to herring and mackerel, to tuna 
and shark, to squid and whale. These links also extend to the land and man. 

Today, In many places, the ocean’s ecological balance is endangered. 
Man has acquired and employed the means, deliberate or accidental, to 
alter the ocean environment, and measured in the time of evolutionary 
change the living creatures in that environment do not have the time to 
adjust Contamination of the ocean has begun. Chemical wastes from fac* 
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tones, heat from powerplants, domestic wastes and sewage from cities and 
towns, insecticides and fertilizers from land runoff, atmospheric fallout 
of gasoline vapors, low level radioactive wastes from reacton, laboratories, 
and hospitals are all flowing into the ocean. The sheer bulk of the material 
disposed of and the presence of new tynes of nondegradable waste products 
are now beginning to affect the ocea.i at an increasing rate; the wastes 
can no longer so readily be diluted, dispersed, or degraded. 

Dumpings and discharges into the water are only part of the problem. 
Physical changes in the coastal environment result from erosion due to 
wind, waves, tides, storms, and man’s uses and misuses of coastal lands. 
Erosion introduces pollutants into* the water; the material moved and 
deposited clogs navigation channels and suffocates marine life. Modifica- 
tions of submarine areas by dredging and mining disturbs the habitat of 
marine and marsh life, Upstream dams and river diversions permit saline 
water intrusions from ocean to estuary to the detriment of marine life. 

As a consequence of these actions and activities, ocean pollution — once of 
little concern because the ocean was considered so large as to be unlimited 
in its capacity to absorb wastes— is recognized as a growing problem. We 
have found today, as we found earlier with our riven and lakes, that every 
body of water, including the ocean, has limited capacity to absorb and 
neutralize inflowing materials. 

Pressures are mounting which will aggravate these problems. The world’s 
rapidly growing population is clustering near the coastlines. In the United 
States, 75 percent of our population inhabits States bordering on a 17,000- 
mile shore; 45 percent of our population lives in coastal communities, and 
coastal urban development is mounting. By the year 2000, the U.S. popula- 
tion will increase by about 60 percent and most of our major megalopoli will 
crowd the Nation’s coastal zone. Other areas of the world face similar 
pressures of man and his technology on the environment— of the world’s 
10 largest metropolitan areas, seven lie on major oceanic estuaries. 

The growth of population and Its migration to the shore have led to 
expanded activities on and uses of the sea, worsening the pollution problem. 
A preponderance of the Nation’s heavy industrial investment is located 
along the coast It is estimated that, despite abatement efforts, industrial 
pollution of the ocean alone is growing at a fate of 4,5 percent annually— 
three times faster than the growth of population. New uses of the coastal 
tone are foreseen— offshore airports, oil terminals, nuclear power generation 
plants and trunk sewers. The 16,000* ton tanker of 25 years ago has given 
way to today’s 300,000* ton supertanker, with the potential for massive oil 
spills resulting from accidental breakups. With more ships on the sealanes, 
more accidents are Hkely. With more offshore oil drilling, the threat of 
well blowouts increases. Some 16,000 oil wells have already been drilled 
off U.S. coasts, and the number is augmented by 1,000 each year. The Presi- 
dent’s Panel on the Santa Barbara, Calif., oil spill concluded we may expect 
an average of one major oil spill each year after 1990. 

In 1069 a number of serious incidents signaled future dangers of ocean 
pollution. The Santa Barbara oil spill, described in chapter HI, destroyed 
waterfowl and property. The Pood and Drug Administration was forced to 
condemn some 200,000 coho salmon caught in Lake Michigan because they 
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contained unacceptable concentrations of DDT. The Heyerdahl expedition 
drifting in midocean between Africa and South America encountered 
numerous large patches of putrid water, and reported the ocean was 
“visibly polluted by human activity.” The voyage of the tanker Manhattan 
to the Arctic suggested the need to prepare for possible oil spills in polar 
regions. Scientists investigating the ‘‘Crown of Thoms” starfish whose ex- 
plosive growth has led to the destruction of Pacific Ocean corals attribute 
the growth in part to man-induced pollutants and the physical modifications 
resulting from dredging and blasting which reduced the starfishes natural 
enemies. 



Characteristics of Ocean Pollution 

Pollution of the ocean has several pronounced characteristics. First, it is 
long lasting. Risen renew themselves each year and cany pollutants from 
their course, and lakes can cleanse themselves over decades or centuries. But 
the ocean is the final depository of pollutants which will remain there for 
thousands of yean. This is particularly true of materials which do not dis- 
robe or readily break down in water. Lead from gasoline exhaust entering 
the oceans today will be circulating or deposited on the sea floor centuries 
from now. 

Some pollutants in the sea may accumulate in the ocean's food chain 
where they build up in the marine life cycle. Entering the food chain in 
marsh water from agriculture runoff, DDT travels through the food chain 
and accumulates in fish-eating birds in often injurious concentrations. It has 
interfered with the reproductive cycle of the osprey and peregrine falcon 
and has been found in large quantities in Antarctic skua, Atlantic and 
Pacific shearwaters and Bermuda petrels. 

The global ocean is a great circulating system In constant horizontal and 
vertical motion. Pollutants entering the system may travel long distances 
over the earth's surface. Pesticides used on the African Continent have been 
found in the Bay of Bengal and the Caribbean Sea after traveling ir the 
monsoon and the northeast trade winds. Some of the pesticides found in the 
Great Lake coho salmon appear to have originated far inland. Acetone and 
butyaklehyde, harmful to life, have been detected In surface waters of the 
Florida straits, the Mediterranean Sea, and the Amaron estuary. 

Nor is ocean pollution any respector of political boundaries. Like the 
ocean environment, it reaches the shores of many States and nations. Air 
and ocean pollutants travel long distances and can menace the ecological 
balance and environmental quality of nations far from the source. 



Sturm of Pollutants 

Pollutants enter the ocean from many sources. The quantity of munici- 
pal, industrial, and agricultural waste deposited in the ocean is enormous. 
With urbanisation, oceanic waste disposal is increasing, particularly affecting 
the quality of water near population concentrations and in estuaries. 
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Municipal sewage includes almost everything that goes down the sewer 
system from homes and streets. Agricultural wastes include salt from erosion, 
fertilizers, pesticides and runoff from feedlots. Industrial wastes consist of 
acids, chemicals, and animal and vegetable matter produced by paper, steel, 
meat processing, and other industries. Dredging spoils, sand, refuse, waste 
oil, industrial chemicals, and sludges are transported by tug and barge and 
dumped into the ocean. Industrial chemicals released in the atmosphere or 
dumped into rivers find their way to the ocean. Drycleaning solvents are 
evaporated into the atmosphere at a rate of 350,000 tons per year. In the 
United States 1 million tons of gasoline yearly is lost through evaporation, 
much of which is eventually deposited in the ocean. 

Specific oceanic disposal areas are defined off New York Harbor for sew- 
age, sludge, mud, and stone, cellar dirt and waste acid; off Delaware Bay 
for sewage sludge; off Boston and Charleston Harbors for dredged material. 
The overall affect of such large-scale disposal on the marine environment 
will require careful study. 

Because of its highly industrialiied society, the United States is believed 
to be responsible for approximately one-fifth of the world's coastal effluents. 
Estimates indicate that 48 million tons of solid wastes were disposed at sea 
off U.S. coasts in 1968 at a cost estimated at $29 million. These estimated 
amounts and costs are set forth in table II— I . 
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Oil pollution is on increasing threat to the marine environment The 
world's annual oil production of 1,800 million metric tons, is increasing 4 per- 
cent each year. Some 60 percent (or 1,000 million metric tons) is transported 
by tea, much of it in restricted shipping lanes. Estimates indicate that 0.1 per 
cent of the total transported, or about 1 million tons per year, is spilled or 
leaked into the marine environment 

More dramatic and destructive in the short term are massive oil spills 
such as the Torrey Canyon tanker disaster and the drilling mishap at Santa 
Barbara. The harmful effects of the spills, and in the case of the Tortty 
Canyon the destruction from use of detergents to dean up the oil, were 
serious for property and marine life. High mortality of waterfowl and ma- 
rine life, accumulation of hydrocarbons in the food chain of surviving fish, 
and overall damage to marine life and property were observable 
consequences. 

Burned fossil fuels, of which the United States is responsible for over one- 
third of the world's total, go In part to the seas as residues containing carbon 
dioxide, sulphates, and nitrates. Estimates indicate the carbon dioxide level 
of ocean surface waters has increased markedly since the beginning of the 
industrial revolution. Solid smoke particles accumulating In ocean sedi- 
ments may alter the chemical composition of the ocean. 

Two heavy metals, lead and mercury, enter the ocean in part through 
man-made discharge. Estimates indicate that about 10,000 tons of lead are 
'ntmduced yeasty. Lead concentrations in the Pacific surface waters have 
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jumped tenfold since tetraethyl lead was first used in gasoline 45 years ago. 
While some 4,000 to 5,000 tons of mercury are estimated to enter the oceans 
annually by natural erosion, man introduces an equivalent amount. The ele- 
ment accumulates in fish and plants. 

One of the most abundant of the manmade pollutants in the sea is DDT, 
which is transported in the form of agricultural run off. Like many other 
manmade substances DDT does not degrade readily in water; natures 
natural decomposing forces cannot break it down. Some scientists believe 
that two-thirds of the 1.5 million tons of DDT produced by man may still 
be adrift. Moreover, DDT concentrates in the food chain and today is 
found in all oceans and all marine organisms as well ns man. 

Other forms of environmental degradation result from man’s activities. 
Physical modifications, such as dredging and filling, construction of dams, 
diversions, jetties, groins, hurricane barriers and heavy waste disposal, alter 
natural processes and cause pollution. Heating of coastal waters by industry 
decreases the oxygen carrying capacity of water, adversely aflfecting marine 
life. Seabirds catch their necks in plastic soft drink holder; plastic bags 
clog water intakes; lost synthetic fishing nets which do not sink or disinte- 
grate continue to catch and destroy fish for years. 





Effect* of Ocean Pollution 

The current effects of marine pollution are harbingers of the serious 
problems which lie ahead if it is not curbed. Domestic sewage disposal ha; 
already spoiled large areas of U.S. shoreline, sections of Lake Erie’s accessi- 
ble shoreline are now off limits to swimmers and fishermen; many estuarine 
areas in other parts of the country face similar restrictions. 

The long-range consequences of pollution are visible in the Great Lakes, 
especially Lake Erie. The lake is suffocating to death as a result of man- 
made pollution over the past 50 years. By dumping detergent phosphates, 
fertilizer nitrates and other pollutants into the lakes, an enormous growth 
of algae has been generated consuming the oxygen and choking off other 
life in the process. In five decades the lake has aged the normal equivalent 
of 15,000 years. Though the cause is not completely known, similar condi- 
tions are found today in the shallow Baltic Sea where the dissolved oxygen 
has decreased in lower depths and dissolved phosphorus has increased. 

The hazards to animal life are severe. The shellfish in an estimated 1 
million acres, or 8 percent, of the Nation’s shellfish grounds have bet. 
declared unsafe for human consumption. Fish kills in the^ United States 
resulting from identifiable pollution sources, principally in fresh wat r 
and estuarine areas, are mounting. In 1968 alone, an estimated 15 millio 
fish were killed by pollutants, 31 percer more than the previous yea 
Municipal sewers and treatment plants, industrial waste and transportati 
accidents were the main causes. In 1969, a chemical spill in the Rhine R ' 
killed an estimated 40 million fish. 

The long-range consequence of many pollutants is not clear. The eff 
of the ocean’s increased lead content upon marine life is unknown, as 
the long-range impact of the accumulation of solid smoke particles in ccea 
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Serious beach erosion and wall damage such as this shown et Cliff Walk , Newport, R,I, 
point to the need for a planned approach to shoreline development. By investigating 
and determining suitable methods for protecting, restoring and developing the shore- 
line against wave and current erosion > the recreational and esthetic features of our 
coasts can be preserved. 

sediments. New chemical substances are created at the rate of 400 to 500 
annually. Many of them are toxic and will find their way to the ocean; yet 
full knowledge of their biological efFects is lacking and removal methods 
for them are poorly developed. At the present state of research it is not 
possible to predict reliably the effects of a given dose of solid waste on the 
marine environment. Man is still largely ignorant of the long-term and 
low-level effects of chronic crude oil pollution, such as that released from 
tankers flushing storage tanks at sea. These effects may be serious and 
longer lasting. Their dangers are likely to become more critical as transpor- 
tation of oil, its products and synthetics increases and as petroleum produc- 
tion shifts increasingly to Continental Shelf sources. 

Physical modifications of the shoreline, while they may be beneficial to 
man in numerous ways, can also be harmful. They alter the natural environ- 
ment and sometimes speed up or slow down the effects of erosion. 
Dredging unsettles bottom sediments, removes bottom dwelling marine 
life, reduces the water’s ability to assimilate oxygen-demanding wastes, 
blankets fish nests and masks out light required by aquatic plants. The 
spoils of dredging dumped as land fill increase water turbidity, smother 
bottom organisms and alter depths, changing the marine habitat. Dam 
construction creates barriers to upstream breeding migrations of marine 
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fish, alters water salinity, affecting marine life such as crabs, shrimp, and 
oysters. Jetty and groin construction alters the local movement of sand, 
changing beach ecology and upsetting sessile organisms. Hurricane barriers 
disturb the normal circulation of bay waters important to aquatic life. 

Yet, not all modifications or pollutants are harmful. The heating of 
coastal waters by the electric power industry provides an example. Under 
certain circumstances the increased temperature may enrich the productivity 
of an area by accelerating growth and provide a valuable asset in commercial 
production of crabs, shrimp, and fish. It may also enhance an area's recre- 
ation potential. Aquaculture can be improved through fertilization, and 
greater yields can be achieved in some cases by fertilizing ponds with bio- 
logically purified sewage effluent. Chemical wastes can settle turbidity and 
clarify water. Car bodies, tires, and rubble have been tested for use as arti- 
ficial marine habitats for sport fish, and certain acid wastes reportedly have 
attracted sportfish. Coastal works can help preserve the environment from 
degradation. More study of the possible beneficial uses of controlled pollution 
and modifications is needed. 



International and National Concern 

The dangers of environmental pollution have generated international and 
domestic concern. Strong public pressures are now building up to determine 
the nature and extent of these problems and to find solutions to them. Re- 
cently the United Nations General Assembly adopted a number of resolu- 
tions calling for investigation of the problems and the need to reduce marine 
pollution. 1 

The Intergovernmental Maritime Consultative Organization {IMCO), 
the Food and Agriculture Organization (FAO), the World Meteorological 
Organization (WMO), and the United Nations Educational, Scientific and 
Cultural Oiganization (UNESCO) have established a joint Group of 
Experts on the Scientific Aspects of Marine Pollution.* * In November 1969, 
the IMCO assembly decided to convene an international conference to con- 
sider adopting a convention on questions relating to marine pollution from 
oil. The Intergovernmental Oceanographic Commission's Comprehensive 
Outline of the Scope of the Long-term and Expanded Program of Oceanic 
Exploration and Research provides for scientific studies on ocean pollution. 8 
NATO nations recently acted to enhance their work in the field of the 
human environment and have urged that this area become one of broader 
East-West cooperation. 

Related international activities promise to increase in the future. The 
FAO plans to hold a conference in 1970 on marine pollution and its effects 
on living resources and fishing. The Council of Europe has scheduled a 
conference on Man and Environment in Strasbourg, France, this year. 
The Economic Commission for Europe is preparing for a Conference on 

* Recent resolutions of the U.N. General Assembly on ocean pollution are included 
inipp.D-1. 

* Additional actions of the U.N. ftaahy of organizations concerning ocean pollution 
are discussed inch. XIII. 

'The expanded program is discussed in greater detail in ch. XIII and XIV. 
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Problems Relating to the Environment in 1971. The U.N. General As- 
sembly plans to convene in Sweden in 1972 a U.N. Conference on The 
Problems of the Human Environment, which will include issues related 
to marine pollution. IMCO plans an international conference to consider 
reducing ship contamination in 1973. 

In the United States recently, concern about the environment and marine 
pollution has heightened. It has been reflected not only in increased public 
discussion but also in governmental initiatives and new legislative propos- 
als. Some of the major milestones of U.S. legislation creating policy and 
regulatory authority for preservation of the marine environment are listed 
in table II— 2. At the Federal level a large number of agencies have important 
responsibilities for coastal development through such varied functions as 
water quality planning and enforcement; waste management; control of 
beach erosion; improvement of ports, harbors and waterways; conserva- 
tion; provision of nautical charts and sea and storm prediction; acquisition 
and development of recreational lands and waters; enforcement of mari- 
time safety; shellfish culture sanitation; assisting commercial and sport fish- 
ing; and development of scientific understanding of the coastal ecology. 
Major Federal agencies active in the field and their programs are described 
in chapter III. 



Table 1 1-2 — StUcUd U.S. MUtttotut In Preserving the Marine 
Environment 



Year 



Legislation and governmental Initiatives 



1899 River and Harbor Act. Prohibited (I) discharge or deposit of refuse into 

any navigable waters, except that which flowed from streets and sewers 
in a liquid state; (2) excavation or filling In navigable waters; (3) con- 
struction of piers, dams, bridges, and similar works in harbors and 
navigable waters without permit from the Secretary of the Army acting 
through the Chief of Engineers. 



1912 Public Health Service Act . Authorized surveys and studies of water pollution, 

particularly as it affected human health. 

1924 Oil Pollution Act . Prohibited oil discharges, damaging to aquatic life, 

harbors and docks and recreation, into the territorial sea and navigable 
inland waters. 

1930 River and Harbor Act. Authorized the Chief of Engineers under the 

direction of the Secretary of the Army to make investigations and 
cooperative studies with States for the purpose of preventing erosion of 
coastal and Great Lakes shores by waves and currents. 

1945 Executive Order 9634. Provides foe establishing fishery conservation zones 

in areas of the high seas contiguous to the coasts of the United States 
and allows for establishing marine wildlife sanctuaries as a fishery 
conservation measure. 



1948 First Federal Water Pollution Control Act with a 5-year expiration date. 

1 953 Federal Water Pollution Control Act extended for 3 years. 

Outer Continental Shelf Lands Act. Extended the Secretary of the Army’s 
jurisdiction concerning obstructions in navigable waters to include 
artificial islands and fixed structures located on the Outer Continental 
Shelf; authorizes the Secretary of the Interior to require the prevention 
of pollution in offshore oil or mining operations; the Coast Guard 
administers the act’s safety provisions. 
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Table 11-2— Selected U. S. Milestone* In Pretervlnc the Marine 
Environment— Continued 



Year 



Legislation and governmental Initiatives 



1956. 

1958. 

1961. 

1965, 

1966 



1969 



1970 



First permanent Federal Water Pollution Control Act . Extended and strength- 
ened the 1948 law in areas of enforcement and research and initiated 
grants for construction of waste treatment works. 

Fiver and Harbor Act. Authorized a comprehensive project to provide for 
control and eradication of obnoxious aquatic plant growth In navigable 
waters, their tributaries, and allied waters In 8 States. 

Fish and Wildlife Coordination Act. Requires consultation with the U.S. 
Fish and Wildlife Service and the responsible State agency whenever 
the waters of any stream or body of water are controlled or modified. 

Federal Water Pollution Control Act Amended . Further strengthened enforce- 
ment authority and increased support for construction of municipal 
waste treatment works and research; authorized storage of Corps of 
Engineer* and other Federal reservoirs for the regulation of stream flow 

for the purpose of water quality control. 

Water Quality Act, further amending the Federal Water Pollution Control Act. 
Established a Federal Water Pollution Control Administration in 
Department of Health, Education, and Welfare. Required establishment 
of water qualty standards for all Interstate and coastal waters. 

Clean Water Restoration Act, further amended Federal Water Pollution Control 
Act. Greatly increased authorizations for grant? to help build sewage 
treatment plants, for research, and for grants to State water pollution 
control programs. Transferred administration of the Oil pollution Act 
from the Secretary of the Army to the Secretary of the Interior. 

Reorganisation Plan No. 2. Federal Water Pollution Control Administra- 
tion transferred to Department of the Interior under President*! Re- 
organization Plan No 2. 

Executive Order No. 11288. Required all Federal agencies to comply 
with provisions and standards of Federal Water Pollution Control Act 
and cooperate with the Department of the Interior and State govern- 
ments in preventing or controlling water pollution. 

National Environmental Policy Act. Enunciated priicy to create and main- 
tain conditions under which man and nature can exist in productive 
harmony, established the Council on Environmental Quality in Executive 
Office of the President, provided for annual Presidential environmental 
quality report, and specified need for interagency cooperation. 

Executive Order 11507. Strengthened requirement for all Federal 
agencies to comply with the Clean Water Act, the Federal Water 
Pollution Control Act and the National Environmental Policy Act 
in prevention, control and abatement of air and water pollution at 
Federal facilities. 



Source: Federal Water Pollution Control Administration, U.8. Army, Corps of Engineers, Commission on 
Marine Science, Engineering and Resources. 



The Federal Government has responsibility for national leadership in 
preserving the marine environment, defining national policy and objec- 
tives for managing the coastal areas and for assisting the States in develop- 
ing and implementing planning. The Federal Government furnishes sup- 
port and guidance for scientific research and training and services such as 
flood control and beach restoration; it also issues permits for uses and modi- 
fications and monitors the development and physical conditions in the 
coastal areas. 

In line with this role the Federal Government is acting to strengthen the 
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existing Federal and State capabilities for preserving the marine environ- 
ment. On February 10, 1970, in his environmental message to the Congress 
the President outlined a comprehensive 37-point program to guide the 
Nation in restoring the environment. Important sections of the message 
were devoted to water pollution. The Government has proposed legislation 
to encourage States to assume a greater responsibility for planning, regu- 
lating and managing their coastal areas, and has ordered immediate steps 
to reduce air and water pollution caused by Federal projects and installations. 
It has authorized additional expenditures for water pollution control. The 
Council on Environmental Quality was established by legislation to insure 
that all programs and actions are undertaken with a careful respect for 
the needs of environmental quality, and a Cabinet Committee on the En- 
vironment was created to coordinate Federal activities in the environmental 
field and ascertain that envirbnmental considerations are taken into account 
in programs of Federal agencies. 




Water disc olo ration shown in Apollo 9 photographs of Cape Halter as indicates tidal 
estuarine discharges from Pamlico Sound, N.C. Remnant plumes from the previous 
ebb flow , a southerly flowing Virginia coastal current, and the Gulf Stream boundary » 
are also clearly visible in the photograph. 
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The responsibility for preventing and controlling water pollution and 
managing coastal resources rests mainly with State and local governments. 
While these governments are demonstrating gr'ater interest in water pollu- 
tion control, coastal development and resource management, many have 
not yet developed fully adequate machinery to meet their needs. Recent 
legislation proposed by the Administration would provide Federal assistance 
and support establishing administrative machinery, enforcement powers 
and authority. 

Industry, business, and agriculture also share the concern fcr our water 
resources. 



Acting To Preserve the Marine Environment 

The mounting international and domestic concern for environmental 
preservation and restoration can provide a useful stimulus to inspire the 
actions to save the marine environment from harm. Most of the deep ocean 
today appears to be still largely undamaged by pollution. But the most used, 
productive and valuable part — the coastal tidelands — is suffering damage in 
places, the source of which is frequently river and estuarine pollution. 

Our impact on the marine environment must be regulated so that the 
coastal areas and the deep ocean can be preserved, developed and used for 
our continuing benefit. This can be accomplished through comprehensive 
management, beneficial use, protection and development of the coastal 
areas employing Federal, State, and local governments and public and 
private interests. This does not mean that the ocean need be maintained in 
its primeval purity. It is clear that the seas can and will be used to absorb 
some waste products. The guiding principle should be to manage the ma- 
rine environment so as to permit optimum, balanced use of the environment 
by recognizing and accommodating the diverse, competing private and 
public interests while at the same time preserving the quality of the coastal 
environment and conserving its resources. Such an approach will hold open 
options for various future uses. 

The elements of such a management program should include mutually 
agreed policy, objectives and functions; legislative authority to carry out the 
program; basic knowledge for effective management; planning and imple- 
mentation provisions; regulation, control and coordination authority; finan- 
cial and manpower resources; and public awareness and acceptance . 4 

Science and technology become valuable tools in such a management pro- 
gram. To apply laws and regulations wisely to the natural environment 
requires an understanding of what natural conditions govern that environ- 
ment, and how man’s activities affect them. 

Basic scientific information enables us to define the ecological base from 
which we operate; to understand the natural forces at work; to predict the 

4 Elements of such a national approach to managing the coastal water* and adjacent 
land are outlined in the U.S. Department of the Interior’* Federal Water Pollution 
Control Administration study entitled “The National Estuarine Pollution Study, A 
Report to the Congress,” Nov. 3, 1969 and the Report of the Commission on Marine 
Science, Engineering and Resource*, “Our Nation and the Sea,” Washington, D.C. 
January 1969. 
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harmful and beneficial consequences of man’s activities on the environment. 
From this comprehension, we can employ better engineering and technology 
to maintain water quality, control beach erosion, and create modern ports 
and harbors. With such information, we can generate criteria to define 
options and make choices among alternative regulatory actions, public 
and private uses of the seas and coastal lands, and costs. This information 
is fundamental to the political decisions needed to manage the environment. 

We still lack much of the knowledge needed to provide the understanding 
required to assess and predict the effects of man-induced and natural modi- 
fications of the marine environment. In the absence of this information about 
the ocean’s ability to absorb stresses and remain healthy, human activities 
may generate transformations that destroy, perhaps irreversibly, desirable 
properties of the marine environment. 

The scientific information required includes establishing baselines or 
standards from which we can detect and measure environmental changes 
which may occur over the next 10, 20, or 50 years. We need to know what 
pollutants and in what quantities are entering the ocean; how much pollu- 
tion the marine environment can absorb without substantially harming 
other uses; how marine pollutants circulate and disperse, degrade, and con- 
vert to other chemical and physical forms; and what effect man’s physical 
modifications of the coastline have on water dynamics, marine life and 
sedimentation. Much remains to be learned about how pollutants enter the 
life cycle of marine organisms and what effect they have on them; and 
about how to treat ocean pollutants. An adequate pollution monitoring sys- 
tem could furnish information which would provide the scientific basis for 
assessing and predicting man-made changes, identifying and controlling 
pollutant buildup, managing waste disposal and safeguarding the physical 
and biological quality of the oceans. 5 

The planned approach to preserving and enhancing the ocean environ- 
ment underlies the President’s five-point marine science program of Octo- 
ber 19, 1969, which calls for deliberate action to encourage States to plan 
for and manage the land and water resources of their coastal zones; to 
provide assistance in research required for sound management of their 
coastal zones; to begin a lake restoration program directed toward under- 
standing the actions that would be required to reverse unfavorable trends 
in the quality of our Nation’s lakes; and accelerate ocean-related research on 
the interaction of man with the Arctic environment. Recognizing the need 
to initiate international action, the program proposes a world-wide environ- 
mental quality program as part of the International Decade of Ocean 
Exploration, 

This approach recognizes that the ocean and its resources are limited 
and vulnerable and that through careless use of technology we can gravely 
damage them. It also recognizes that by acting wisely now we can still 
preserve the ocean, its air, water and life for future generations. 

'A useful discussion of the needs of a worldwide system of ocean pollution 
monitoring is contained in “Global Ocean Research,*' a report prepared by the Joint 
Working Party on the Scientific Aspects of Internationa] Ocean Research nominated 
by the Advisory Committee on Marine Resources Research of the FAO, the Scientific 
Committee of Oceanic Research of the International Council of Scientific Unions and 
the WMO Advisory Group on Ocean Research, Ponza, Rome, and La Jolla, Calif., 
1969 . 
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Chapter III 



ENHANCING THE BENEFITS FROM 
THE COASTAL ZONE 



Thirty States, with more than 75 percent of the Nation’s population, lie 
on the coasts of the Atlantic and Pacific Oceans, the Gulf of Mexico, and 
the Great Lakes. More than 45 percent of our urban population lives in 
coastal counties, and almost all of the major megalopoli now projected for 
the year 2000 are in the coastal zone — the margin where land and water meet 
and interact. 

Shipbuilding, maritime commerce, and the fishing industry could have 
developed only in the coastal zone. Our naval strength and our seaward 
thrust for offshore oil, gas, and minerals must be based there. Many industries 
have found it advantageous to locate there because of proximity to ocean 
transport, labor, and produce markets, With their growing leisure time and 
disposable income, the American people increasingly seek the esthetic bene- 
fits of the coastal zone — its climate and opportunities for swimming, sport 
fishing, and boating. Tens of millions live or vacation at coastal resorts, 
retirement homes, and beach cottages. Millions more regularly head for 
beaches on weekends. Many others find business opportunities there. Figure 
I ITT exemplifies the increasing demand for coastal recreational facilities. 

In the early stages of a shoreline’s development, a few small, individual 
actions by users may have relatively little effect on the ecology, and upon 
other potential users. As the extent of usage grows, the environment is in* 
creasingly modified, often in ways which are reversible only with difficulty. 
Further, as early users become entrenched, later ones may find themselves 
preempted. As examples, dredging, filling, and coastal construction have 
already impaired the capacity of large areas to support fish and wildlife; 
municipal, industrial, and agricultural wastes have turned many rivers into 
open sewers, and altered the ecological balance of the estuaries into which 
they flow; and the limitations imposed by extensive private ownership have 
sharply reduced public access to beaches at a time when a growing and 
increasingly affluent population demands more recreational opportunities. 

The diversity, magnitude, and significance of activities in the coastal zone 
require that many diverse interests must become involved in its management, 
if balanced multiple usage is to be assured, and further degradation of the 
environment avoided. This participation includes private landowners, and 
industries which occupy coastal sites; conservation and recreation interests; 
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The Santa Barbara oil spill spread to the California 
coastline. A second well is being drilled from the ship in the 
bottom of the photo to intercept the original well 



Figure lll-l— Population Growth In Nation’s Coastal Zone 



(Figures in millions of peoplei 




and government at all levels — local, State, and Federal. Despite the obvious 
advantages to be gained, however, coastal lands and waters have not often 
been subjected to effective planning. In too many cases development has 
been oriented toward immediate and single-purpose uses of short-range 
economic advantage, with little thought being given to broader, long-range 
considerations. 

These varied, growing, and often conflicting demands on the coastal 
zone have already created, in many areas, an urgent need to correct past 
abuses and insure optimum usage in the future. 

Because of the diversity of coastal zone activities in which the Federal 
Government has a responsibility, almost every member and observer agency 
of the Marine Sciences Council is directly concerned with some aspect of the 
coastal zone. For purposes of clarity, their various functions and activities are 
presented below in a summarized and abridged form : 

Department of the Interior: 

Office of Water Resources Research. 

Administers programs in the study of water supply and of resources 
which affect water. 

Bureau of Commercial Fisheries. 

Carries out programs to maintain maximum fisheries resource 
production, and to maintain a vigorous fishing industry. 
Bureau of Sports Fisheries and Wildlife. 

Conducts programs to assure the perpetuation and enjoyment vf 
sportfish and wildlife resources. 

National Park Service. 

Administers and promotes the use of natural, historical, and recrea- 
tional areas in the national park system. 
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Department of the Interior — Continued 

Bureau of Mines. 

Conducts programs to develop mineral resources and promote 
safety in mineral industries. 

Geological Survey. 

Conducts surveys and research in geology, topography, and mineral 
and water resources; classifies land as to mineral character and 
resources; provides engineering supervision for power permits; 
enforces regulations applicable to oil and mining leases. 

Bureau of Land Management. 

Administers or participates in administration of mineral resources 
on Federal Lands. 

Bureau of Outdoor Recreation. 

Promotes outdoor recreation and natural beauty programs. 

Federal Water Pollution Control Administration. 

Administers programs to enhance the quality and value of water 
resources, and to prevent and abate water pollution. 

Department of Defense. 

Department of the Navy. 

Conducts and supports programs in marine research, surveys, 
engineering, production, and operations to enhance our na- 
tional defense capability. Produces navigational charts and pub- 
lications and some prediction services for mariners. Provides a 
national capability for salvage operation. 

Department of the Army. 

Conducts work and research to improve and conserve rivers, har- 
bors and waterways, to protect shorelines and to prevent flood 
and hurricane damage; conducts mapping and charting in sup- 
port of these functions. Provides data to users of ports and 
waterways. Administers the program of permits for construction 
in rivers and coastal waters. 

Department of Commerce. 

Environmental Science Services Administration. 

Conducts research, surveys and production concerned with describ- 
ing, understanding and predicting the state of the oceans, 
atmosphere, and earth. 

The Maritime Administration, 

Supports research programs in shipbuilding, ship operations, and 
ports, harbors, and marine terminals as they relate to the needs 
of commercial shipping. 

Departmer * of Health, Education, and Welfare. 

Natir.ial Iiiititutes of Health. 

G:nddCU research programs related to human health and disease 
as related to the marine environment. 

Food and Drug Administration. 

Administers research and regulatory activities related to the health 
and safety aspects of marine foods and drugs. 
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Department of Transportation. 

Coast Guard. 

Conducts research and development leading to improved sysr 
for marine search and rescue) merchant marine and recreatic 
boating safety, pollution, and polar transportation. 

Atomic Energy Commission: Conducts and supports programs related * 
the effects of atomic energy matters on the marine environment. 

National Science Foundation: Supports research programs to increase our 
basic and applied knowledge of the oceans through the National Sea 
Grant Program, supports coastal zone research in scientific, engineering, 
and social aspects, training and dissemination of information. 

National Aeronautics and Space Administration: Conducts and supports 
programs to improve our ability in remote sensing of the environment 

Smithsonian Institution: Conducts research on basic oceanography and 
ecology. 

Agencies that are not members of the Council, but have major responsibili* 
ties relating to land and other resources of the coastal rone, include the 
Departments of Agriculture, and Housing and Urban Development. 
Most Federal agencies conduct or sponsor activities in the coastal area. 



Initiatives To Moot Hood* of Coastal Dovolopimnt 

In recognition of both gravity and urgency, the administration’s five-point 
program to strengthen the Nation’s marine science activities includes three 
a rear-coastal tone management, undertaking coastal rone research, and 
lake restoration— which are directly concerned with coastal rone problems. 
The other two, the International Decade of Ocean Exploration, the Arctic 
studies have many elements which bear on these problems. 



Cotttol Zotto Management 

Increasing urbanization, a growing population with higher incomes and 
leisure time for recreation, and expanding industrial development have 
Imposed greater demands for use of the coartal margin and Great Lakes. 
Without planned and controlled development, aided by better knowl- 
edge of the ecological impact of development, the natural coastal environ- 
ment inay be jeopardized and future options foreclosed. There is a manifest 
national interest in the effective management, beneficial use, protection, 
and development of the land and water resources of the Nation's estuarine 
and coastal tone for the following reasons: 

1. The pressures of population growth and economic development im- 
pose an increasing number of conflicting demands upon the finite re- 
sources of the coastal tone. 

2. Estuaries, marshlands, and other parts of the coastal tone contain ex- 
tremely valuable habitats for fish and wildlife whkh move beyond State 
boundaries: such areas are vital to the life support of a major part of the Na- 
tion's commercial and sport fisheries harvest; such areas, particularly the 
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estuaries, constitute ecological systems which are susceptible to destruction 
and disruption by man. 

3. Continued uncoordinated development activities in the coastal zone 
pose an immediate threat of irreversible harm to the coastal zone and its 
resources and a loss of the benefits it offers. 

4. The coastal zone it a valuable area for multiple economic, recreational, 
and resource uses. 

5. The interest in the coastal zone extends to the citizens of all States, and 
is not limited to the citizens in the coastal States. 

Legislation is required to provide policy objectives and authorize Federal 
grantsdn-aid to encourage States to assume greater responsibility for plan* 
ning and management of their coastal areas. The administration’s proposal 
for such legislation has been introduced in the House as H.R. 1 4845, and 
in the Senate as S. 3 1 M. Two types of grants would be authorized: (a) for 
initial development of planning and regulatory mechanisms; and (A) for 
implementation of the management plan, The Utter grants would be ap- 
proved by the Secretary of the Interior, contingent on the State having 
designated a single agency to receive management plan grants; having 
organized to implement its management plan; and having demonstrated that 
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the agency or agencies have necessary regulatory authorities to implement the 
plans. 

The management plan should include — 

(1) An identification of the boundaries of the portions of the State 
subject to the management plan ; 

(2) An identification and recognition of the national, State, and 
local interests in the preservation, use, and development of the coastal 
zone; 

(3) A feasible land and water use plan, consistent with applicable 
water quality standards, within specific sections of the coastal zone, 
reasonably reflecting the needs of industry, transportation, recreation, 
fisheries, wildlife, and natural area protection, and residential develop- 
ment and other public and private needs, taking into account both short- 
term and long-term requirements; 

(4) A description of the coastal States’ current and planned programs 
for management of its coastal zone consistent with the management 
plan; 

(5) An identification and description of the means by which the 
management plan and other resource use and management plans at 
the Federal, State, and local levels in which the coastal State is repre- 
sented or is a participant concerning use, conservation, and manage- 
ment of the coasul zone will be coordinated, including the relationship 
of the management plan to State, interstate, and regional comprehensive 
planning as appropriate; 

(6) Procedures for adequate review of State, local and private proj- 
ects for consistency with the management plan ; 

(7) Procedures for furnishing advice as to whether Federal and 
federally assisted projects are consistent with the management plan; 

(8) Procedures for modification and change of the management 
plan, including public notice and hearing; 

(9) Evidence that the plan was developed in cooperation with rele- 
vant Federal agencies, State agencies, local governments, and all other 
interests; 

(10) Procedures for regular review and updating of the manage- 
ment plan ; 

(11) Adequate provisions for disseminating information concerning 
the management plan and any subsequent modifications or changes 
therein; and 

(12) Provision for conducting, fostering, or utilizing relevant 
research. 

The recommended program would— 

(1) Provide for balanced use among diverse private and public 
interests, while preserving the quality of the coasul and Great Lakes 
environment; 

(2) Insure adequate coasul recreational opportunities and fish and 
wildlife habitats for present and future generations; 

(3) Strengthen the Sute** capabilities to administer coastal natural 
resources that fall under their jurisdiction ; 



(4) Lessen the need for Federal intervention in coastal resource 
; nanagement decisions ; and 

(5) Provide greater integration of existing planning, conservation, 
and development programs, many of which are federally assisted. 

The administration’s proposed bill would authorize $2 million for the 
Department of the Interior in fiscal year 1971 to begin the program. 

Approximately 23 Federal bureaus now interface with State coastal opera- 
lions. The administration proposal would assign responsibility to the % 
Secretary of the Interior for administering the Federal program, and for 
assisting in coordination of the activities of other Federal agencies. 



Coastal Zone Research 

Rational management decisions on use of the coastal zone should be 
predicated on scientific information as to the unwanted and often un- 
anticipated effects of man 1 * activities on the coastal ecology. Such compre- 
hension of the dynamics of coastal ecology is today largely absent. So are 
assessments of the natural ecological baselines in terms both of the physical 
properties and the biological content of coastal waters and interaction 
with the land interface. Also, monitoring capabilities to detect the changes 
already occuring in water quality are too limited to meet needs. 

The Federal Government already supports, through a variety of instru- 
ments mentioned earlier, important research on coastal zone problem^ and 
fundi for this program will be increased in fiscal year 1971 (See app. A). 
In addition, planning is underway under the leadership of the Depart- 
ment of the Interior to identify requirements for research related to coastal 
rqne problems, and to assess the adequacy of existing Federal, State, 
and other institutions to provide the required research. This planning is 
expected to provide information needed to determine how existing capabili- 
ties can be belter utilized and whether consolidation or discontinuance of 
activities may be required, or if new activities may be desirable, how addi- 
tional research could be used by Slates in Improving their management of 
coastal zone resources, what new activities are required, and how they 
should be funded. 

Pitot Study of Uki Restoration 

Our Great Lakes, lesser lakes, and many estuaries are exhibiting losses 
in water quality that destroy their value for various uses — unfortunately at 
the same time use demand b sharply increasing. The prolific growth of ob- 
noxious weeds and algae scums that induce eutrophication, then transforma- 
tion into a manh, eventually wipes out natural wildlife. Because early 
signs of pollution are subtle, public reaction usually does not occur until the 
pollution becomes advanced. By this time, it Is difficult to slow down the 
process, kt alone reverie It 
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Both corrective and prophylactic measures are needed. Yet marine pollu- 
tion has so many causes — municipal sewage, industrial wastes, common 
chemicals {e.g., pesticides, herbicides, fertilizers, antiknock compounds, etc.), 
oil spillage, etc. — that technical prescriptions are difficult to formulate which 
are both effective and economical. Moreover, those having technical merit 
may be politically unpopular. Acceptance could be facilitated through a 
demonstration project. 

To determine the feasibility of restoring the quality of some of the Nation’s 
seriously damaged waters, existing technology should be tested on small 
bodies of water and new methods developed to establish the most practical 
and economical means for proceeding with the major task. The Department 
of the Interior has the responsibility for developing a lake restoration pro- 
gram and $1 million has been requested in the fiscal year 1971 budget to 
accelerate these efforts. 

Work is already proceeding under the auspices of the Federal Water Pollu- 
tion Control Administration for research on some portions of the problem. 
These include nutrient removal, nutrient deactivation, flushing of lakes after 
nutrient control measures, dredging of sediments to prevent reinoculation 
of nutrients, weed harvesting, and aeration of the lake water body, 

This research has been going forward in Lake Erie as well as in several 
smaller lakes in Minnesota, Wisconsin, Maine, and Washington, It it 
expected that small bodies of water will be selected for further study and 
treatment as part of a demonstration project. 



Program for tho Croat Lako* 

The Great Lakes system — five huge, interconnected bodies of water— is a 
unique component of the coastal rone. The lakes are fresh, but their vast 
sire subjects them to oceanic scale forces; their shorelines vary from almost 
virgin wilderness to highly concentrated metropolitan complexes; 25 million 
people, and 25 percent of our national industry are in the basin, yet the 
waters themselves are international in character. Although the Great Lakes 
escape some of the problems created by a saline, open-ocean environment, 
others moie than replace them, and only Lake Superior is relatively free 
from deleterious effects. 

Because of the regional and international aspects, environmental planning 
and resource management are extraordinarily complex. The United States 
and Canada join forces through the Great Lakes Fishery Commission and 
the International Joint Commission, while the Great Lakes Basin Com- 
mission, the Great Lakes Regional Commission, and the Great Lakes Com- 
pact Commission deal with regional matters within the United States. 

The Marine Sciences Council sponsored studies during 1969 both through 
its Committee on Multiple Use of the Coastal Zone and by contract, on 
several phases of the subject The Committee*! Great Lakes Panel com- 
pleted a report which identified major administrative and managerial issues. 
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Another study 1 contrasted the problems of multiple use of the coastal zone 
in two extreme cases — Lake Superior and Lake Erie. 

During 1969, the Federal Water Pollution Control Administration in co- 
operation with the Coast Guard increased surveillance of the Great Lakes 
for water pollution, gave nearly $16 million in grants for the construction 
of urban sewage treatment plants, and joined with eight States in pollution 
enforcement actions. Major research efforts concentrated on finding ways of 
cutting down nutrient input which contributes to eutrophication. It also 
put its resources to work on combating DDT, thermal pollution, feed lot 
wastes and stream water runoff. During 1969, the Administration invoked 
the Oil Pollution Act of 1924 for the first time in the Great Lakes to remove 
thousands of gallons of oil from a ship abandoned in Lake Huron. 

A pilot dredging study investigating the effects of dredging practices on 
water quality was completed by the Corps of Engineers. Studies to determine 
the effect of the disposal of polluted dredged materials in the open waters of 
the Great Lakes were continued by the Corps of Engineers w*ith FWPCA 
directed primarily at determining the need, feasibility, and cost of various 
alternative procedures for disposal, containment, or treatment of solids re- 
moved during a dredging operation. The Corps also initiated a program of 
measurements of wave forces on monolithic breakwaters in the Great Lakes. 
Development of engineering and technology continued on the design and 
construction of works to control lake levels and to compensate for larger 
navigation channels. 

The Bureau of Commercial Fisheries completed a 4-year pesticide moni- 
toring program to assess pesticide contamination of estuarine and Great 
Lakes fishes. Results show that the threat to fishery resources is chronic, 
affecting reproduction in the food chain. The pesticide monitoring program 
provided much data to the Bureau and other agencies to determine the 
steps to be taken to control pesticide pollution of the Great Lakes. It also 
provided information techniques suitable for reducing the pesticide con- 
tent of various species. This undoubtedly prevented a more drastic decline 
in use of Great Lakes fish during the increased concern over pesticides 
caused by the Food and Drug Administration seizure of Lake Michigan coho 
salmon. 

Close surveillance is being made by BCF scientists of the response of fish 
populations to changes in the aquatic environment of Lakes Michigan and 
Erie. As an example, the Bureau in collaboration with the Department of 
Fisheries of Canada continued work on sea lamprey control under the 
direction of the Great Lakes Fishery Commission. Intensive studies of the 
distribution of the hening-Iike alewife, and development of methods to 
predict and reduce the intensity of heavy dieoffs were carried out 

Enhancing Water Quality 

Maintenance of water quality Is one of the most critical problems In the 
coastal tone. Pollution alters the ecological balance, and frequently alters 

1 "The Role of Marine Sciences in the MaWple Use of the Coastal Zone of Lake 
Erie and Lake Superior.** 
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it for the worse. Dirty water is incompatible with goals of recreation. White 
in many of our lakes and rivers pollution has reached the crisis level, the 
ocean has fortunately not yet arrived at this stage; we still have the oppor- 
tunity to forestall future blunders. 

This situation challenges government and industry to take prompt and 
wise action. The Federal Water Pollution Control Act calls for the enhance- 
ment of the quality and value of the Nation’s water resources and for the 
prevention, control, and abatement of pollution by establishment of water 
quality standards for interstate and coastal waters. The Secretary of the 
Interior has given substantially complete approval to the standards developed 
by the States. Primary responsibility for the enforcement of these standards 
rests with the States; if they fail to act, however, the Federal Government 
may bring suit against polluters. 

The Clean Water Restoration Act of 1966 (Public Law 89-753) provides 
for grants to States, municipalities, or intergovernmental bodies for assistance 
in developing projects to demonstrate advanced methods of waste treatment 
and discharge control. The act also provides for a comprehensive study of 
estuaries, including impact of population and economic development on 
water quality. In response to these requirements the National Estuarine Pol- 
lution Study has been completed by the Federal Water Pollution Control 
Administration in collaboration with other Federal agencies, State and local 
governments, and industry and scientific representatives. To make readily 
usable the vast amount of information an automated storage and retrieval 
system was developed which contains data on over 850 estuaries. Ninety 
percent completed, this inventory will be finished in early 1970. 

The report discusses the present state of knowledge on the estuarine tone, 
and proposes study and research programs to fill the identified gaps. It 
analyzes the biophysical and socioeconomic aspects of the estuarine zone, 
and presents recommendations for a comprehensive national program of 
estuarine and coastal zone management, using multiple long-term use of the 
estuarine environment as the common denominator. 

The vital roles of State, local, and regional groups, as well as public 
and private interests, are recognized, and many responsibilities are suggested 
for them. The primary Federal responsibility is identified as leadership in the 
definition of policies and objectives, and support, both directly and by the 
activities of its agencies, to others involved in estuarine work. Against that 
backdrop, the Federal role was defined as— 

( 1 ) Providing impetus and progressive improvement of the national 
program through appropriate legislation ; 

(2) Providing continuing support and guidance to the States through 
grants, cooperative activities, technical advice and assistance, provision 
of services, promotion of interstate cooperation, advice on manage- 
ment policies, and public information programs; 

(3) Completing and maintaining the broad national inventory of 
estuaries and coastal areas; 

(4) Continuing broad estuarine and coastal studies not of a local 
nature; 

(5) Participating In local and regional studies where appropriate ; 

(6) Exercising regulatory authority in such areas as enforcement of 
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water quality standards and other controls over pollution and main- 
taining controls over certain uses or modifications of the estuarine zone; 
* (7) Coordinating Federal estuarine and coastal management activi- 
ties, and providing means for integrating these with those of State, local, 
and regional agencies; 

(8) Monitoring developments in coastal areas and evaluating the 
effectiveness of the national program — in cooperation with States; and 

(9) Assuring adequate consideration for the protection of estuarine 
values in the formulation of river basin development programs by rec- 
ognizing the impacts of upstream water quality and related land re- 
source development on the estuaries. 

Specific recommendations for legislation and other action to carry out 
the national policy and achieve these goals were submitted in the study. 

The National Multi-Agency Oil and Hazardous Materials Pollution Con- 
tingency Plan of 1968 established a pattern for a coordinated response among 
the Departments of the Interior, Transportation, Commerce, Defense, and 
Health, Education, and Welfare, and the Office of Emergency Preparedness 
in the event of a pollution emergency. The Department of the Interior is 
responsible for administering, developing, and revising the plan. Through 
national and regional plans, the expertise of all agencies involved are brought 
to bear in case of an emergency. 

The plan provides for a National Inter-Agency Committee concerned with 
plans and policies for response to pollution incidents. It develops procedures 
for the coordinated reaction not only of Federal agencies, but also State, 
local, and private groups. The Committee reviews regional plans, reports 
on the handling of major or unusual incidents, and makes recommendations 
on training, research, equipment stockpiling, and other matters to assure 
preparedness. 

A National Operations Center is maintained as are several regional cen- 
ters. The National Center monitors reports of pollution incidents received 
from regional operations centers. If an incident exceeds the capability of a 
regional group, is interregional, or becomes a major hazard to life, property, 
or national security, a National Joint Operations Team can be activated to 
provide advisory assistance and coordination. 

Actual direction of pollution control efforts during an incident rests with 
a predesignated on-scene commander. The Coast Guard is assigned the re- 
sponsibility of furnishing on-scene commandeis for coastal waters, the Great 
Lakes, and major inland navigable waters; the Department of the Interior 
will provide commanders for other areas. Response to a pollution incident 
may pass through several phases, depending upon the severity of the situation. 
Initial discovery and notification may be followed by containment and 
countermeasures; cleanup, restoration, and disposal; and finally, recovery 
of damages and enforcement 

ftMrti Bitten OH S»IN 

A recent example of the plan in action was offered In the activity following 
the Santa Barbara offshore oil spiD. 
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No single pollution incident during the year attracted as much public 
attention and posed such urgent and complex technical problems as the 
leakage of oil and gas from an offshore well near Santa Barbara, Calif. Be* 
cause of this, and as an example of the national pollution contingency plan 
in operation, an overview of the sequence of events follows: 

Calendar of event* — 1969: 

jan. 28 Gas blowout occurred at about 5/j mile* from Santa 

Barbara. Coast Guard notified ; initial effort* made 
by company to curb the flow. 

J an . 29 l2*milc*tong thin itick *outh of platform, j/a**qu a re- 

mile heavy ilick near well, u*e of chemical dis- 
persant 4 commenced. Efforts to curb flow unsuc- 
cessful. District disaster control plan implemented 
under commander, Coast Guard Group, Santa 
Barbara, as on-scene commander. Meetings with 
State, local, and Federal official*. 

Jan. 30 Slick spreading, but not to beaches. Oil booms acti- 

vated at some locations. Application ol low toxic- 
ity chemical dispersants began. 

Jan. 31 First oil reached beaches. Commenced application 

of dispersants from boat equipped with booms. 
Wildlife treatment center set up. 

p e b. L. Oil reaching beaches, bul still light; main stick 

thickly packed in a l -mile triangle around well. 
FWPCA ordered application of chemical stopped 
due to possible toxicity. Additional tugs, barges, 
and booms called In. 

Feb. 2— — Drilling operations commenced to slant a relief well 

Into the original hole, Efforu to contain the oil 
by booms at the *ell failed due to heavy weather. 
Oil on beaches continued light 

Feb. 3 — Recommended chemical dispersants. Different boom 

fabricated to contain the oil near the well. Use of 
Jog booms, and of straw and other coagulants 
turfed off beaches; additional inflatable booms 
positioned In coastal areas. Beaches still essentially 
clear of oil; heavy stick 2 miles off SanU Barbara 
Harbor. 

Feb. 4 Weather deteriorating ; crude oil arriving on beaches 

at SanU Barbara. 

Feb. 5—*. * Attempts to seal well still unsuccessful Weather 

stormy; efforts to contain oil at source suspended. 

* Beach cleanup attempts Intensified. Chemical dis- 

persant discontinued except in vicinity of well 

Feb, 6-.~. * Weather continued bad; oil coming ashore heavier 

concentrations 

Feb. Wed sealed off; weather moderated; beach cleanup 

expanded. 

Feb. 8* Flow ceased; most ol oil already ashore, but some 

sticks still offshore, which soon dispersed to small 
weathered patches. Beach cleanup continued. 

Feb. 12....—. ... Oil seepage started again; containment, skimming, 

and chemical ditpettal resumed near well Sub- 
mers&le survey of bottom near platform 
unsuccessful 

Feb, IS-.. Stick extending to within a mile of beach; much 

trapped In kelp beds. 
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Calendar of events — 1969 — Continued 



Feb. 1 7 Production of oil authorised from shallow sones to 

relieve pressure causing seepage. 

Feb. 24 Following stormy period, new oil deposits on beaches. 

Feb. 25 Increased seepage. Chemicals, skimmers, and con* 

Ulnment attempted. 

Mar. 2 Efforts made to seal fissure leaks. 

Mar. 4 Flow somewhat reduced. 

Mar. 6 Slick consisted of streaks of oil extending southeast 

of platform; chemical dispersants continued. 

Mar. 7 Dispersants discontinued. Flow much reduced. 

Mar. 18 Dispersants and skimming continued for several days 

near well. Estimates are that small seepage may 
persist for some time. 



In retrospect, there was a degree of success in almost all corrective efforts, 
but none were fully adequate. Chemical dispersants were variable in their 
action ; sinking agents were not generally successful. Containment booms were 
adequate in some cases, but much engineering development remains to be 
done to provide a fully effective system in rough water. Floating skimmers 
worked well in seas up to 6 feet high; beyond this, their efficiency rapidly 
decreased. Beach cleaning continued to be a major problem, especially on 
rough, rocky stretches. 

Following this incident, a Presidential Panel was convened which reviewed 
the problem of oil spills and related matters. In its first report,* which was 
primarily concerned with prevention and correction of oil spills, the Panel 
noted that the United States does not now have sufficient technical or 
operational capability to cope with a large-scale oil spill in the marine en- 
vironment. It recommended further action, including steps to reduce the 
probability of spills, research toward better control methods, and several 
administrative, regulatory, and legal changes to Improve the overall situation. 
It was also suggested that an advisory team, including experts in ecology, 
environmental science, engineering, and economics to assist during an inci- 
dent and the followup analyses and assessment, be made available. 

In its second report the Panel considered the management of offshore 
resources, and their exploitation with lessened danger of pollution. It sug- 
gested that a Resource Advisory Board be established to advise on develop- 
ment of resources, and that the views of State and local govtmfnent bodies 
be incorporated into plans for development of Federal offshore mineral 
resources. The possibility of plating some resources in escrow for future 
development was raised, as well as the need for more stringent regulations, 
for production methods as circumstances warrant The desirability of uni tired 
production and of underwater production facilities when feasible were recog- 
nised. A shortage of personnel and information in Federal agencies concerned 
with these matters was noted, and corrective action recommended. 

Another step to insure the safer development of offshore mineral resources 
on Federal lands was taken by the Secretary of the Interior in August with 
approval of new regulations governing oil and gas leasing and development 
operations on the entire U A Outer Continental Shelf from Maine to Alaska. 

* ‘TV Oil Sftf PrMmf first Report of tV Prf**Wi fax! «t Oil Spflli; 

and "Offshore Mineral Resources -A Chantage and an Opportunity" Second Re- 
port of the President'! Panel on 03 SpQh; Office of Science and Technology, 1H9. 




Tkt Cots I GnttJ Stj ipotiorti itttlopmt at of on tir-dtploytklt lytltm of tolbpiiblt 
tonltintrt tnd rtltltJ oil Irtmftt tqnipmtnt. This tyittm it dliitnid to ojAoti oil 
from tkipt in dultttt lo tcoid tpilU/i t*J tonltmintlion. 



This represented the first revisions since the Outer Continental Shelf leasing 
program was begun 16 years ago. The new rules contain strengthened 
provisions for— 

( 1 ) Full consideration of all environmental factors, including aquatic 
resources, esthetics, and recreation, before a decision is made to offer 
leases for sale (features of this process provide that public hearings may 
be held and that there may be consultation with State agencies, organ!* 
rations and individuals) ; 

(2) Suspension of any operation, including production, which in the 
judgment of the Geological Survey's regional oil and gas supervisors 
threatens life, including aquatic life, property, mineral deposits or the 
environment; 

(9) Prior review and approval by the supervisor of plans and equip* 
ment for the prevention of pollution, blowouts, and leakage, before 
drilling may begin either for exploration or development ; 

(4) Prior review and approval of exploration, drilling, and develop* 
ment plant in detail before work may begin which include location of 
wells; platforms and structures; proposed pipelines; and the lessee's 
interpretation of undersea geologic structures; 

(5) Stiffer technical requirements for well drilling, casing, and ce- 
menting to prevent environmental contamination and to maintain con* 
trol of wells; 
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(6) Frequent activation of blowout prevention equipment to test for 
proper functioning; 

(7) Prompt reporting of leakage or spills to the Coast Guard and the 
Federal Water Pollution Control Administration, in addition to the 
Geological Survey's regional supervisor; and 

(8) Control and total removal of the pollutant, wheresoever found, 
at the expense of the lessee, in case of pollution damaging or threaten- 
ing to damage aquatic life, wildlife, or public or private property. 

The combined effect of these improvements — both technological and 
managerial — will be to progressively lessen the likelihood of spills such as 
that off Santa Barbara, and to assure quick containment and correction if 
they do occur. 

Research arid development projects currently underway looking toward 
technological improvements include the following: 

Design and fabrication of a prototype air-delivered transfer pumping 
and storage system is in progress and field tests are underway. The objective 
is to provide a quick-response capability to remove bulk oil from a stricken 
vessel before it is spilled. 

Investigations are in progress on the utility of ultraviolet to infrared, 
and microwave sensors, for possible use in all-weather, direct reading, air- 
borne detection of oil spills. 

Investigations are being carried out on techniques to permanently rink 
oil slicks through the use of chemically treated sand. 

An engineering study is in progress to establish design criteria for the 
development of containment booms for use on the high seas. 




ten FmmkIko Bay 

"San Francisco Bay is an irreplaceable gift of nature that man can either 
abuse and ultin lately destroy — or improve and protect for future genera- 
tions.’’ This introductory statement sets the theme of the San Francisco 
Bay plan, produced by California's San Francisco Bay Conservation and 
Development Commission. In carrying out its studies, the group drew 
on the knowledge of public, industry, local, and State groups, as well as 
the Corps of Engineers, Federal Water Pollution Control Administration, 
and the Public Health Service. 

During 3 yean of deliberation, the Commission produced 23 volumes 
of technical reposts in addition to Sts final plan. The group concluded 
that the San Francisco Bay complex could serve human needs to an even 
wider degree than it does now, but that programs of development, modifi- 
cation, and correction must be developed on a regional rather than a local 
basis. 

A major tool in the planning and Implementation of such programs will 
be the Corps of Engineers model of the bay. This scale model, equipped 
to reproduce end measure pertinent phenomena Including tides, currents, 
salinity content of the water, and shoaling of the bottom, provides an excel- 
lent lest bed for advance evaluation of activities contemplated for the area. 
During the past year, extensions to the model were completed Incorporating 
the delta of the Sacramento-San Joaquin Rivers. 
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The hydraulic model now includes all the delta waterways south of 
Sacramento, west of Stockton, and north of Tracy; all of Suisun, San Pablo, 
and San Francisco Bays; and more than 200 square miles of the adjoining 
Pacific Ocean. 

' During the year, using the expanded model, the Corps in collaboration 
with other agenda initiated studies of San Francisco Bay and the Sacra* 
mento-San Joaquin delta area for water quality and waste disposal. The 
search for solutions to these specific problems will consider the total impact 
of all competing needs, such as flood control, navigation, salinity control, 
water supply, delands reclamation, and recreation. 

The Corps of Engineers also initiated an in*depth study to prepare a plan 
to guide the development of the entire bay region. By balancing present 
and potential users against the environmental resources of the area, a range 
of alternatives will be established from which Federal, State, and local 
interests can choose those most prudent and fruitful for the benefit of the 
greatest number. 




Chesapeake Bay 

The Chesapeake Bay offers a range of problems and possible solutions 
that may furnish guidance for work in similar estuarine and coastal environ* 
ments. The Corps of Engineers, with the assistance of the Chesapeake Bay 
Study Advisory Group, representing State and Federal agencies as well as a 
wide variety of disciplines, has refined and extended its earlier investigations. 

A detailed plan has been prepared for a comprehensive study, construction 
of a hydraulic model of the bay, and an associated research center. 

Multidisciplinary research activities in the technical center would con- 
centrate on hydraulic and ecological studies. The physical model of the 
bay, supplemented by mathematical models and conventional analysis, would 
help to provide a fuller understanding of the physical and biological traits 
of the bay, and the insight necessary to properly manage the system in 
consonance with man’s rapidly increasing involvement in the Chesapeake 
environment. 

Conservation and Recreation 

The National Park Service now includes 22 areas contiguous to the coast- ; 
line — 13 national parks and monuments and nine national seashores and 
' lakeshores. vf#: •' 'V.—V .. 

In addition, the Service administers 28 historic areas located along the 
coasts. Most recently authorized for incorporation into the system are: 
Biscayne National Monument in Florida and Redwoods National Park 
which includes a 30-mile stretch of the California coast. Feasibility studies 
£ were made in other proposed marine areas. Acquisition of National Park 
Service lands is continuing, including areas located in the coastal zone 
•f such as Assateague Island National Seashore, Biscayne National Monument, 

'? Indiana Dunes National Lakeshore, and Pictured Rocks National 





Many countries are expressing concern for the perpetuation of their unique 
underwater resources for scientific purposes and for underwater visitor 
observation. This interest is reflected in the number of countries which 
have created or are considering the establishment of underwater national 
parks and marine preserves. During the year, the National Park Service 
provided encouragement and information on this subject to many nations 
including: Japan, Thailand, Korea, Taiwan, Australia, New Zealand, Costa 
Rica, Colombia, Canada, South Africa, Tanzania, and Greece. 

The National Wildlife Refuge System now includes 91 refuges in the 
coastal zone containing 20.4 million acres devoted to management of migra- 
tory birds and other wildlife, including the preservation of endangered 
species. Of these, 10 nfuges containing 19.8 million acres are in Alaska. 
Approximately 13,000 acres were acquired during fiscal year 1969 under the 
accelerated wetlands acquisition program. 

The Bureau of Outdoor Recreation plays a central role in promot- 
ing Federal-State cooperation and coordination to provide recreational 
opportunities, including those in the coastal zone. Also statewide outdoor 
recreation plans have been prepared by all States, many of which provide for 
meeting marine-related recreation needs and the preservation of coastal 
areas. Based on these plans, the Bureau has assisted over 4,000 State and 
local outdoor recreation projects, many of which are located in the coastal 
zone. v /• 

The Army Corps of Engineers makes substantial contributions to both 
conservation and recreation through its research studies and development 
programs for beach erosion control, shore protection, flood control, hurricane 
barriers, intercoastal waterways, interoceanic canals and boat harbors. An 
example of the research field studies undertaken by the Corps is the experi- 
mental groin structure at Point Mugu, Calif,, which provides a capability 
for conducting controlled experiments on shore processes. Corps of Engineer 
planning assists the State and local governments in the development of 
plans by providing data, information and guidance regarding water re- 
sources, and marine sciences development proposals. Additionally the 
Corps cooperates with State and local governments in having beaches 
restored or improved for public use; natural barrier beaches and shore 
areas bolstered by sand fill, fences, vegetation and structures; and small 
boat harbors developed for recreational and fishing boats. 

The National Shoreline Study was commenced by the Army Corps of 
Engineers, in cooperation with State and Federal agencies. The study, which 
will cover both private and public coastlines, will identify those areas in 
which shoreline erosion poses serious problems to economic and recreation 
uses, and to ecological and other relevant factors. It will also propose 
generally the appropriate type of remedial actions for areas with serious 
erosion problems. The study, will serve as a basis for the development of 
guidelines by Federal, State, and local agencies for the optimum uses of 
shores subject to erosion, but will not include recommendations for author- 
ization of specific projects. ; 

& More than 20 million people now participate in recreational boating in 
coastal waters, and the Coast Guard estimates an increase of over 200,000 
boats per year on our waterways. Boating has become an important factor 



in our economy, accounting for $3 billion in related expendituies in 1969. 

An increasing demand for marinas, harbors, aids to navigation, and protec- 
tion is clearly evident. Working toward safer recreational boating, the 
Coast Guard has negotiated 39 agreements for Federal/State safety pro- 
gram coordination; legislation has been proposed providing for a national 
boating safety program for small boat construction and performance and for 
assistance to State programs. ESSA assists the small boat enthusiast through 
its nautical chart program and marine weather forecasts. 

The Fish and Wildlife Service, as a part of its total program, provides 
information pertinent to a wide range of recreational and conservation 
problems. As one example of its contribution to multi-use development and j 

management in the coastal zone, during 1968 it screened some 5,100 applica- 
tions for construction permits and found that approximately 5 percent of 
these would have adverse effects upon fish and wildlife resources. 

The Bureau of Sports Fisheries and Wildlife continued its wide-ranging 
studies supporting recreational fishing. Its marlin and sailfish tagging pro- 
gram has traced the migration of these species throughout the Pacific. 
Experiments aimed at creating artificial fishing reefs have shown that scrap 
tires are the best materials, being easy to handje, attractive to fish and related j 

organisms, durable, and not producing deleterious decay products. 



Coastal Projects of Federal Agencies 
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The programs of the Federal agencies, often carried out in collaboration 
with State and local governments, are aimed toward a sequential approach 
to coastal problems. It is first necessary to gather facts on the coastal zone, 
to provide the data base from which further research and affirmative action 
start. This includes hot only mapping the coastline and adjacent waters, 
but also the establishment of ecological baselines. From this information, 
research projects to provide a better understanding of the situation, and to 
develop techniques for corrective measures can be developed. Pilot projects 
to test the efficacy of these measures can then be run as a prelude to full- 
scale coastal improvements. A sampling of these interrelated activities not 
covered in other sections of the report, include the following: 

1. A 2-year project of monthly determinations of concentrations of iron, 
manganese, and zinc in estuarine sediments and water was completed by 
the Geological Survey. This* will serve as a valuable baseline to evaluate 
possible changes from radiation pollution. 

<2. Engineering studies are being carried out by the Coast Guaid, working 
. toward the development of booms to contain oii spilled in the open ocean, 
and for the design and fabrication of an air-transportable, high-capacity 
. pumping system, and emergency tankage, to quickly remove oil from a trou- 
bled vessel before spillage. Prototype testing of the latter system is scheduled 
for i 970. V* * /. 

' 3. The adverse effects of sewage sludge dumping in the New York bight 
are being investigated by the Corps of Engineers and the Bureau of Sport 
Fisheries and Wildlife. The Corps has completed a pilot study of the possible 



harmful effects of dumping polluted dredged materials in the Great Lakes. 

w under review. 1 - 



This study is now 1 
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4. Through its pesticide monitoring program in both ocean and Great 
Lakes, the Bureau of Commercial Fisheries determined levels of pesticides 
in shellfish, crustacean, and fish stocks. This information can be used to plan 
pesticide utilization compatible with continued harvesting of commercial 
species. 

5. An ecological study of Biscayne Bay, Fla., is investigating the effects 
of thermal pollution from a nuclear powerplant on fish life. The Atomic 
Energy Commission is supporting the study of noncommercial species, and 
the Bureau of Commercial Fisheries those which are of commercial value. 

6. A comparison of the ecology of a natural marsh area with that of a 
marsh altered by channeling and filling is being conducted by the Bureau of 
Commercial Fisheries in Galveston Bay. 

7. The Corps of Engineers published a study on methods available for 
the analysis of physical and ecological problems in estuaries. 3 

8. Numerical models and prediction programs to forecast storm surges 
along the coastline have been developed and tested by ESSA and Navy. 

9. Acute (96-hour) toxic effect of several new pesticides on oysters, 
shrimp, and fish were evaluated by the Bureau of Commercial Fisheries 
under controlled conditions in the laboratory. Information obtained from 

: \ these aiid other toxicity studies was sent to the Pesticide Registration Division 

• of the Department of Agriculture to aid it in certifying pesticides to be used 
•> in the marine environment. * mji'y.i', ^ V*. _ ■ • • ■ >r .. , - 

10. The Corps of Engineers published an engineering analysis of the 

coastal engineering aspects of the tsunami wave created by the Alaskan 
earthquake of 1964. • v :-0 ' 

11. Following up an earlier initiative of the Marine Sciences Council, the 
Corps of Engineers sponsored a study on the effects of engineering activities 
°n coastal ecology, 
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( for the Future : 

*' k' :i - ?v • v 

The coastal zone, with its multitude of opportunities, also present? a 
multitude of problems. Many of these are largly scientific and technological, 
and to these our scientists and engineers can provide answers. Far more 
difficult questions arise from the conflicting desires and needs of the many 
different occupants and users of the shoreline. The challenge before ui U 
*° *' eoonc ^ these competing interests— to find opportunities for multiple, 

K compatible uses of the shoreline and inshore waters, and to maintain op- 
tioxis for future uses not foreclosed by degradation of the resource. 

, This require identifying multiple compatible uses and also encourag- 

mg the development of effective mechanisms for making rational choices 
among incompatible uses. Implementation of those initiatives of the adniin- 
f L Oration's five-point program which relate to the coastal zone should assist 
m making available both the basic information and the management tools 
|H^. f6r making wise decisions. . 
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for Evaluating Estuary Studies, Models, and Comprehensive 
“ Department of the Army, August 19S9. 
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Chapter IV ^ 

FACILITATING TRANSPORTATION 
AND TRADE 



Waterborne transportation — lake, canal, coastal, and intercontinental — 
is an integral part of the U.S. national economy and is essential to the sup- 
port of defense requirements, However, while about 90 percent of our 
foreign trade cargo moves by sea, U.S.-flag vessels carry less than 6 percent of 
this total, and projections indicate that this percentage may decline even 
further. . V v , \. : J • 



While only one-fourth of the world’s merchant ships are more than 20 
years old, approximately three-fourths of American merchant ships are at 
least that antiquated. In the next 4 years, much of this aging merchant fleet 
will be scrapped. Yet, the United States is row producing only a few new 
ships a year for use in our foreign trade. Building costs for American ships 
are approximately twice those of foreign shipyards, and U.S. production 
delays are often long. Operating expenses also are high by world standards, 
and labor-management conflicts have been costly and disruptive. Figure 
IV-I indicates the trends in numbers and tonnages of the world’s major 
merchant fleets. * < 





Policy To Improve the Merchant Fleet 



The President, in a message to the Congress in October 1969, recognized 
the seriousness of the situation confronting the U.S. merchant fleet and 
proposed a 10-year corrective program which he described as a program of 
challenge and opportunity for all segments of the maritime industry. Noting 
that both Government and industry must work together to rebuild the 
U.S. merchant fleet, the plan which was outlined to accomplish this aim 
would not iicrea^e subsidy expenditures during the current fiscal year. By 
emphasizing multiyear commitments and standardized ship types where 
feasible; it is expected that U.S. production?* rates can be accelerated, and 
costs per unit reduced. The President expressed confidence that the ship- 
building industry could meet the challenge; however, it was also indicated 
that if the challenge were not met, then the subsidy portion of the admin- 
istration^ program would not be continued. ^ ^ V?'- ‘ ^ 

gm- , • Wig*" ' 5L» J ~ 

Construction of an average of 25 general cargo ships, three dry-bulk 



camera, and two tankers per year for the 1970’s is planned, although the 



Humble's icebreaking tanker SS Manhattan completed an historic transit of 
the Northwest Passage in J 969. Data gathered during voyage will permit 
evaluation of the potential of the Arctic as a commercial shipping route. V V’ 
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Figure IV-I-Merchant Fleets of t^e world 





annual "mix” of ships may vary. These ships, added to 150 already under 
construction or planned, will provide an overall increase of 450, and will 
exceed the capacity of the present merchant fleet. The total of $3.8 billion 
of Federal subsidies over the decade will be matched by $4 billion from in- 
dustry. Supporting this investment program, it is proposed that the ceiling 
on federally insured mortgages be increased from $1 billion to $3 billion. 
Construction differential subsidies will be extended to bulk carriers, which 
are not now covered, and construction subsidies paid directly to shipyards. 

In operational support for the merchant marine, differential subsidies will 
be continued only for the higher U.S. wage and insurance costs. Under the 
plan, it is proposed that the "recapture” provisions of earlier legislation 
which required that a portion of profits be returned to the Government 
would be eliminated, as would the statutory requirement that certain Gov- 









emment cargoes ! hipped in U.S. ships at premium rates. These arrange- 
ments would be <7 by a new, direct subsidy system for such carriers. 
Port and harb d- elopment will be accelerated, in cooperation with 
industry and locu* f vemment authorities. 



Research and Development Supporting Maritime Activities 



In support of this strong Federal policy for the merchant marine, the 
maritime research and development program will be enlaiged and redi- 
rected to place greater emphasis on practical applications of technological 
advances, and the cooperation of Government and industry. Stronger at- 
tention is given to science and technology that can assist in improving our 
worldwide competitive position, supporting national defense, and reducing 
Government support costs. 

Under the Ship Structure Committee, which is an ioteragency advisory 
committee chaired by the Coast Guard, the Wolverine State , an instru- 
mented C-4 SB-5 cargo ship, in conjunction with towing-tank model studies 
and computerized stress programs, has provided navai architects wit** in- 
formation to improve ship structure design and allow greater variation in 
design. These reports cover subject titles such as “Bending Movement 
Determination,” “Ship Statistics Analysis,” “Rational Ship Structural De- 
sign,” “Hull Girder Model Study,” “Chemical Tank-Barge Design,” “Simu- 
lated Performance Testing and “Quality Assurance.” 

The National Academy of Sciences-National Research Council is con- 
ducting a study on laws affecting manpower utilization, since there is a 
real need to review the laws under which merchant marine manpower 
policies operate, to determine the changes needed in view of current tech- 
nology and the potential for the economic future growth of the industry. 
These restrictive regulations and laws, some of which have been in effect 
since 1792, were written to cover situations that no longer exist because of 
changed technology. v / 

A National Conference on Maritime Research and Development was held 
at Woods Hole, Mass., with represen tatives from ship operators, shipbuilders, 
labor organizations, private research companies, universities, merchant 
marine training academies, port authorities, and Federal agencies. As a 
result of this meeting, many recommendations were made for research and 
development in maritime operations, such a# — 



Ship construction methods; 77^7:77.. 

(2) Ship operations and design; ^ ; > * ; : 

" (3) Cargo handling systems, both on ships and ashore; ' * ; 

(4) Port facilities; '.7;.''''/ v 77: ' 

7^77 (5) Integration of sea, land, and air transportation systems; and 



- (6) Fundamental technological advances not developed sufficiently 
7 for current applications; <7; 7.7 7 7 7 ^7^777 

Included in the above are— 77^' ■ : it; 77' 7 . 7. \ 7 . "t 7 -- • 




( 1 ) Shipbuilding cost reduction projects ; 

(2) Integrated steam propulsion systems; 




(3) Improved hull structure design to reduce ship cost by about 20 
percent; 

(4) Additives to reduce ship resistance to water flow, yielding a 
5-percent saving in operational cost; 

(5) Steps toward automation of shipboard functions to reduce op- 
eration costs and to improve job opportunities for personnel ; 

(6) Development of a low-cost multi-application dry-bulk cargo 
competitive merchant ship ; 

(7) Measurements of sea wave spectra for improved ship design and 
seaworthiness predictions; and 

(8) Utilization of higher strength steels, to reduce displacement by 
15 percent, resulting in reduction in power requirements and operation 
costs. % 

The Departments of Commerce, Transportation, and Defense all support 
research and development efforts related to novel shipping concepts, marine 
equipment, and advanced ship design. Funding for these programs is sum- 
marized in table IV~I. 

r j , 

Table IV-1— Funding far Ocean Trantpertatlen 



(In millions of dollars] j 



Activity and supporting agency 


Estimated Estimated President’s 
fiscal year fiscal yev budget 
1069 19TO fiscal year 

1071 


Vessel and port technology 1 

- Department of Commerce (MARAD) . 


. ... 9.2 


16.6 


23.2 


Channel and harbor development research * 

Army Corpaof Engineer*. . 


.... 2.7 


2. 9 


4. 1 


Safety, navigation aids, pollution control 1 






13.6 


' vf: Department of Transportation (Coast Guard) .... 


.... 4.8 


10. 1 


Total. .V. ........ 


;... 16.7 


29.6 


40.9 



i Limited to RAD and scientific services; excludes funding for capital works or maritime subsidies , opers- 

* limited to RAD, feasibility studies, and Great Lakes data collection and analysis: excludes about $200 
millio n foe ch ann els, harbors, and other project providing navigation, shore protection, and recreation 
support. 



and $16.4 mOUoc in bscal year 1571. 



rear 1371. ^ 



In addition, these Departments also provide services in support of ship- 
ping, such as nautical charts, the costs of which are included in the appro- 
priate funding tables of other chapters. - 

n The Maritime Administration of the Department of Commerce is sup- 
porting a number of research and development projects bearing on ocean 
shipping problems. These include the following: g ^ 

$ 1. Research in maritime science and technology looking beyond the 
current state-of-the-art in search of basic technological breakthroughs which 
will raise the level of marine scientific knowledge and provide a better 
understanding of design and operational problems. 
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Ship construction is greatly speeded and simplified by a novel method used by Avon- 
dale Shipyards of New Orleans, l a. The hull , mounted in huge rings, can be related 
to any angle, so that construction welding can be done working downward father 
than overhead ( men working in leit foreground indicate scale). 

2. Research in ship operations and shipping systems focused on social, 
economic, and technical problems involved in ship and terminal operation, 
and maintenance and cargo movement, such as labor displacement and 
changes brought about by containerization and other new shipping con- 
cepts; automation, man-machine relationships, and crew reduction; delays 
and damage of cargo while at terminals due to port congestion and inter- 
modal transfer; and maintenance and reliability of shipboard equipment. 

3. Advanced ship engineering and development covers engineering stud- 
ies and development of hardware for ship, port, and feeder subsystems 
which are needed to produce and maintain lower cost, more productive 
ships, cargo handling and flow, and port operations. 

4. Research on shipping economics and requirements carried out by 
systematic analysis of ship cargo movements from source to destination 
to determine the most desirable maritime system. This study incorporates 
technological advancements in ship design, ship operation, and cargo han- 
dling as they are developed, and forecasts estimated total system performance 
for shipping concepts under projected conditions. 

Research and development related to ocean shipping carried out by other 
Government agencies includes the following: ’ • ^ v " ; : 

1. A Polar Transportation Requirements Study, 1 completed and published 
by the Coast Guard. It considers the commercial, social, research, and 

* “Polar Transportation Requirements Study Report/' U.S. Coast Guard, Novem- 
ber 1968. ■' ■; 
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national security aspects of this complex multinational area. Costs, benefits, 
and feasibility data for several transportation alternatives have been included 
in this study. 

2. The Department of Transportation continued work on the develop- 
ment of a national navigation plan, which is considering present and future 
needs of both aviation and maritime commerce, and the technology of navi- 
gational satellites and ground-based electronics systems. The plan will identify 
areas of Federal responsibility for services, the systems to be operated, and 
the need for further research and development to meet future navigation 
requirements. Completion of this study ir anticipated during 1970. 

3. The Joint Surface Effect Ships Program, designed to determine the 
feasibility of building and operating large, fast surface effect ships in the 
4,000- x> 5,000-ton range, capable of 80 knots or higher speed. Major 
funding of this program will be assumed by Navy in fiscal year 1970; how- 
ever, it will continue to be closely coordinated with the Maritime Adminis- 
tration of the Department of Commerce. Competitive contracts have been 
awarded for the detailed design, comtruction and test of two 100-ton test 
craft with difference* in technological approach to permit a parallel testing 
and comparison program. ’ -./ f /'v 

4. Development of guidelines for design approval end safety inspection 
of vessels and structures in the Arctic being carried out by the Coast Guard. 
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5. Design development of several new ship concepts, such as Nav/a 
multipurpose dry cargo ship and the Maritime Administration’s catamaran 
containership. 

6. A study in depth by the Advanced Research Projects Agency of the 
Department of Defense of the military, commercial, and research potential of 
surface effects vehicles for Arctic use, An Arctic operational capability has 
been selected as a development goal since the potential impact of fast, long- 
range, high-payload transportation over open water, pack ice, ar.d tundra 
is substantial. 

American industry has also responded to the challenge of reducing costs 
by increasing ship speeds, by designing specialised ships and transportation 
systems, by building larger ships, and by investing funds in modem auto- 
mated continuous-flow shipyards. 

Attaining a competitively economic merchant marine is not being de- 
layed primarily by a lack of technology, but rather by obstructions prevent- 
ing application of existing technology. The Navy through its ship research 
and development programs, model basins, and laboratories has been in the 
forefront of advanced ship concepts. Although, for naval applications, im- 
provement in performance is a strong requirement, the work that has been 
done can be applied, for merchant ship applications, for improvement in de- 
sign criteria and earning capacity. 
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Transportation Support Service* 

Adequate channels, harbors, and terminal facilities are essential to efficient 
maritime operations, and accurate charts, publications, navigational aids, 
and environmental forecasts are basic requirements for safe navigation. In 
1969, noteworthy supporting services provided by Federal agencies included 
the following: 

1. The Coast and Geodetic Survey issued seven new nautical charts and 
487 revised charts of U.S. waters. The U.S. Naval Oceanographic Office 
completed 110 new charts and over 700 revised editions of its worldwide 
chart coverage. . 

2. The "navigational lane” system was established by the Coast Guard 
and Coast and Geodetic Survey for the safety of shipping and installations, 
in New York and San Francisco Harbors, Delaware Bay, and the Santa 
Barbara Channel. This traffic control method provides merchant shipping 
with Inbound and outbound lanes, with a buffer zone between them, in the 
approaches to major 'ports or congested coastal areas, to reduce the possi- 
bility of collisions. 

3. The Army Corps of Engineers is studying the use of chemical ex- 
plosives in harbor excavation. The first full-scale test of the technique is 
planned for 1970. 

4. The Army Corps of Engineers has 53 coastal harbor and channel 
improvement projects underway, for which the Federal costs are estimated 
at $1,764 million. Another 98, to cost $1,672 million, have been author- 
ized by Congress but not yet funded. 

5. Looking to the future, the Corps of Engineers has studies in progress 
to determine the feasibility of improving harbor* for deep-draft vessels at 
92 ocean locations and 22 Croat Lakes ports. Studies concerning harbor Im- 
provements for light-draft vessels are underway at 217 ocean locations, and 
32 on the Great Lakes. Nineteen of these investigations have been completed 
during the past year. (Closely related is an Independent assessment by the 
American Association of Port Authorities of future port requirements. This 
study will forecast the rite and types of vessels which will be Involved in 
U.S. trade during the next 30 yean. Particular attention is bring given to 
the problems created by supertanker* and other large bulk carrier*.) 

6. The Coast Guard is extending its experimental harbor advisory radar 

covemge of die San Francisco area. A second radar station will cover the 
offshore approaches, supplementing the first station which now provides 
coverage of the harbor inside the Golden Gate. The stations observe and 
advise harbor traffic, thereby t educing collision hazards and speeding up 
traffic flow during poor visibility. ' •*£ •. ' y • ' -v*?- v "- x - 

7. The Navy's optimum ship routing program -whkh routes vessels by 
taking all environmental factor* Into account, Is being further Improved by 
bring put Into numerical model form to permit computer forecasting, f: 
5 a The Navy, RSSA, and Coast Guard have continued their long-range 
studies of the Gulf Stream, which are leading to better predictions of its 
behavior and effect on ship touting. 

A number of national and International projects to improve safety at 
sea were underway In 1969. The United State* signed the International 
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Convention on Tonnage Measurement, which will provide for the first 
time in more than 100 years uniform determinations of vessel tonnages. 
Coast Guard studies are in progress to achieve improved safety conditions 
on U.S. commercial fishing ships, and an investigation was completed to 
determine the proper Coast Guard role in promoting safety for civilian 
submersibles and for other nonmilitary underwater activity. • 



Arctic Voyage of SS "Manhattan*' 



As geophysical exploration and test drillings confirmed that Alaska’s north 
slope contained major oil reserves, it became clear that a primary problem 
would be distribution of the oil to world marketing centers. Considering the 
geographical location, and the environmental conditions both at sea and on 
land, neither pipelines nor conventional tankers seemed entirely suitable (or 
the purpose. As a result, for the first time in a century, serious consideration 
was given to the Northwest Passage as a trade route. 

The Humble Oil & Refining Co., deeply involved in the Alaskan oil pro- 
duction, selected the SS Manhattan, already the largest merchant ship to fly 
the U.S. flag, for modifications preparatory to an experimental run from the 
east coast of the United States, through the Canadian Archipelago to the 
north coast of Alaska, and return. While her pioneering voyage— in itself 
one of the significant maritime events of 1969 — provided a great amount of 
information on her own performtnee, the Manhattan was operating pri- 
marily as a test vehicle, looking toward the possibility of icebreaking super- 
t&.tken of 250,000 deadweight tons. 

The tanker underwent extensive modifications prior to her voyage. She 
was strengthened Internally and sheathed externally against the tremendous 
fortes to be expected in die ke pack, and a new bow designed for more 
effective icebreaking was installed. After conversion she had the following 
statistics ; 1 15,000 deadweight tons, 1,005 feet length overall, 146 feet breadth 
52 (cet draft, and 43,000 horsepower driving twin five-btaded propellers- - 
a far cry from John Cabot’s wooden hulled sailing ship* which in 1496 had 
first tearohed for a northern shortcut to China. ■ ' 

Because of .the complex engineering and scientific problems which were 
anticipated, a large team of experts was assembled to prepare for and carry 
out the voyage. Scientific and engineering personnel, and experts in Arctic 
ship operations were provided by the Coast Guard, the Corps of Engineers, 
and the Navy, as well as by universities, industry, and the Canadian 
Government '■*. 

The AfanAetta* departed Philadelphia on August 28, 1969, and proceeded 
by way of Halifax, and Thule, Greenland. Almost immediately, she encoun- 
tered extensive pack Ice in Baffin Bay, and had a chance to shake down her 
equipment At various times during the voyage she was assisted by the U.S. 
Coast Guard Icebreakers Northadnd and St* U* Island and the Canadian 
icebreakers Sir Jakn A . MtDontld and Loutt St. Uurtnt. On September 3 
die entered Party Channel and beaded westward through the Canadian 
Aichipdagointhe M notthweMpasiage. ,> ./>'; 
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Figure IV-2— NorthwMt Passage Track of SS “Manhattan” 




The first severe te»t came as the Manhattan probed the heavy ice In 
McClure Strait, north of Banks Island. Winds sweeping across the open 
Arctic Ocean often jam the dense polar pack into the mouth of the strait, 
with heavy pressure and ridging, making it potentially the most difficult part 
of a transit Paced with just this situation, the tanker was stuck in ice three 
times, and the decision taken to proceed via the more ice-free Prince of Wales 
Strait between Banks and Victoria Islands. •• 

> Proceeding via this alternate route she soon passed the Mackenzie delta 
and steamed up the Alaskan coast, arriving in sight of the drilling rigs at 
Prudhoe Bay on September 19. After onloading a symbolic barrel of 
Alaskan crude oil, she sailed on to Point Barrow, her successful westward 
transit completed., - '•->'.‘^*•.7. >• 

On her return voyage the Manhatttn spent almost a month In Melville 
Sound, deliberately seeling out different ice conditions. Maneuvering usts 
were run to see how large thlp* would perform under difficult circumstances 
comparable to thorn which would be encountered during much of the year. 
These tests concluded, rite continued her eastward transit and arrived at 
New York City on November 12, haring covered over 11,000 miles on tip 
: round trip. '•*>• %■ «*• r.y . 

During the entire voyage, the Manhattan't extensive instrumentation 
continuously recorded data on the air, water and ice, and the ship's reac* 
don 10 environmental conditions. In addition to the automatic equipment 
there was a wealth of visual observations and hand-recorded information, 
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aj well as data from other ships and from aircraft. Once these data are 
analyzed, transportation experts will have a much better idea of what 
kind of ship is required to maintain year-round operations in the Arctic, 
Working from this baseline, factors such as capital investment, operating 
costs, the time factor, and cost of terminal facilities will be incorporated to 
arrive at a shipping cost per barrel, and a decision as to whether tanker 
transport of oil through tho “northwest passage** is economically 
competitive. 

It is, of course, far too early to label the voyage either a success or a 
failure. Many difficulties were encountered — the Manhattan herself was 
in difficulty in the ice several times, and had to call on icebreaker as- 
sistance; the icebreakers themselves had problems, and the Northwind had 
to be replaced; and the Manhattan suffered a hull rupture due to ice 
impact. Redesign of some hull characteristics will doubtless be required, 
and possibly further experimental voyages prior to actual decisionmaking. 
Alternatives, such as pipelines or submarine tankers, are still being considered. 

While many of these final questions remain as yet unanswered, the 
Manhattan * s voyage made a significant contribution not only to U.S. 
competence In polar transportation, but to the Nation’s knowledge of the 
Arctic regions In genera). Perhaps most importantly, it stimulated new 
thinking about old problems, and may thereby point the way to other ad- 
vances In the rapidly developing Arctic. 

Looking to tho Future 

A strong and profitable merchant marine fleet, competitive in the work) 
market, is an integral part both of our national and international economy. 
The administration's initiatives in this field, coupled with a vigorous response 
from industry, and supported by an imaginative program of research and 
development, will work toward the rapid achievement of this goal. 
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Chapter V 



ENCOURAGING DEVELOPMENT OF 
MARINE MINERAL RESOURCES 



An adequate, dependable supply of minerals and energy at a cost consistent 
with broader goals of economic growth, national security, and a healthy 
environment is essential to industrialized nations in today’s world. Indeed, 
ascendancy to the ranks of “industrblizea nations” b closely related to an 
ability to apply innovative technology to provide sustained supplies of fossil 
fuels and hard minerals. The United States presently consumes greater 
quantities of fuels and met* Is than any other nation. 

Consumption of metals and energy U closely related to gross national 
product as illustrated in figure V-l which also projects a more than two* 
fold increase in U.S. demand for these commodities by the end of the 
century. Worldwide, the rapid growth of population and increased in* 
dustrializadon b intensifying competition for known mineral deposits and 
stimulating efforts to find new sources. The search for conventional high 
grade mineral deposits on land has thus been expanded to Include an 
economic means of utilizing previously bypassed lower grade ores; develop* 
ing new types of deposits, such as oil shale, tar sands, and taconlte; and 
exploiting the resource potential of the seas. 

The availability of sufficient resources within the oceans to meet the 
world’s requirements for minerals well into the next century b acknowledged. 
The 330 million cubic miles of sea water have been described as the earth's 
largest continuous ore body, containing about SO quadrillion tons of dis- 
solved solids including, for example, 10 billion tons of gold. Large areas 
of the floors of the world’s oceans ate covered with nodules rich in man- 
ganese, copper, cobalt, and nickel, with concentrations of as much as 
' 31,000 tons of nodules per square mile in some areas of' the Pacific, And, 
recent estimates indicate that petroleum deposits under the sea floor may 
‘ /' equal orexceed those on land. •• • * 

However, statistics indicating the mineral content of the oceans often 
are misleading. An economy b no respector of mineral sources, and actual 
exploitation will continue to be dictated by economic considerations. At 
present, the cost of developing oceanic sources for most minerals Is pro- 
hibitive In comparison to land deposits. Sea water 1s an extremely low* 
grade source for most of the 60 naturally occurring elements found In it 
? and only magnesium, bromine, common salt and fresh water are commer- 
cially exploited In significant amounts. The important Industrial metals such 
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Figure V-l— U.8. Annual Requirements for Natural Retourcee, 1950*2000 
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at aluminum, tin, copper, zinc, lilver, iron, nickel, and manganese are valued 
at less than $1.05 per 1,000,000 gallons of seawater, and it has been esti- 
mated that the $20,000 worth of gold in a cubic mile of the ocean would cost 
more than $50,000 to extract Deposits of manganese nodules, which were 
lint discovered in 1975 during the epic voyage of the H.M.S. Challenger, 
remain noncompetitive with conventional ores due to the heavy investment 
requited to mine the nodules from water depths of 12,000 to 20,000 feet 
and then to separate the extremely complex and unique mixture of metals. 
Oil and gas production, which constitutes over 90 percent by value of 
minerals extracted from the marine environment, hat been limited to water 
depths of 340 feet and 70 miles from shore due to the rapidly mounting costs 
of moving into deeper waters. i ™ v 7 

r 4 . . 

_ Status of Mart* Mining - ‘ >, •, 

''A** *'***■ ' z '■ <$' * ■** - - * ' - ' - i ■-*- ' • i ‘ v* 

Offshore mining is still in its Infancy, but a pattern of Increasing profit- 
ability and technological capability is emerging. ; 

Ten years ago there were only three or four nations and about five com- 
panies with major offshore petroleum Interests. Today, hundreds of com- 
panies are Involved in subsea oil and gas exploration and development around 
the world. Production is underway or about to start off the coasts of 28 coun- 
tries, and exploratory surveys are being carried out on the continental 
shelves of another 3<X Offshore deposits art responsible for 16 percent of the 
oil and 6 percent of the natural gas produced by the free world. Projections 
indicate that by I960 a third of the oil production— four times the present 



Tabl* V-l— Valu# of MIntral Production From Ocoan* Bordering the 
United States, 
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output of 6.5 million barrel! per day— will come from beneath the ocean; 
the increase in gas production is expected to be comparable. 

In the United States, where some 90 percent of the most favorable on- 
shore areas h^ve been explored as contrasted with less than 10 percent of 
the offshore shelf areas, subsea petroleum development is increasing rapidly. 
Since 1946, approximately 15,300 wells have been drilled ofTshore and it has 
been estimated* that 3,000 to 5,000 wells will be drilled ally by 1980. 
Over $13 billion has been Invested by industry in exploration and develop- 
ment activities which have resulted In the production of $7 billion worth of 
oil and gas from the submerged wedge of sediments comprising the U.S. 
Continental Shelf, mostly off Louisiana. To date, the minerals industry 
has paid the Federal Government some 33.4 billion in bonuses to lease 6.5 
million acres of the Outer Continental Shelf. All but 335 trillion of this 
was paid for oil and gas leases with the remainder going for rights to tak 
and sulfur. As shown In figure V-2, Income to the U.S. Treasury from 
OCS lands In fiscal year 1969 totaled 3714 million with bonuses account- 
ing for 3492 million ; production royalties 3214 million; and rentals paid 
on leased acreage 36 million. The reduction In receipts from the previous 
year is due In large measure to a temporary suspension of lease sales after 
the Santa Barbara blowout' . , .<••• V'-' 4 .‘ ' 

The ocean is a vahiable source of a variety of mineral commodities, in ad- 
dition to oil and gas, for a growing number of the coastal nations. Salt, bto- 
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Figure V -2— Comparative Revenue* From Mineral Leatea an U.S. Public 
Lands Onshore and on the Outer Continental Shelf 




mine, magnesium, and both heavy (D,0) and fresh water ate extracted 
from the water column; sand and gravel, oyster shell, tin, heavy minerals, 
and diamonds are dredged from placer deposits on the tea floor; sulfur 
Is recovered from the seabed by melting it with superheated water and piping 
it to the surface; and coal, iron ore, and nickel-copper ores are mined from 
the subfloor in shafts driven seaward from land. Coal extracted from under* 
sea mines accounts for more than SO percent of Japan’s total production and 
more than 10 percent of Britain's. The value of minerals, both fuel and 
nonfuel, produced from the tea in I960 on a worldwide basis was estimated 
to be over f 7 billion ( table V-4). ' 

• The ocean has become a significant source of several of the nonfuel 
minerals used in our domestic economy. Sulfur extracted from two mines 
off Louisiana constitutes 15 percent of U.S, production (and the bulk of 
the world’s total offshore production) of this valuable Industrial raw mate- 
rial. Recovery of chemical* from sea water, especially magnesium, bromine 
and salt, has doubled during the last decade, and some 50 million cuhk 
yards of sand and gravel and 20 million tons of oyster shells art extracted 
annually from the UA Continental Shelf. : Vst . i* . 
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Advancement by the minerals industry offshore his been impeded by 
three Interacting considerations— economic*], technological, and Institu- 
tional. The economic attractiveness of offshore ventures depends on a variety 
ef factors: resource demand; competition from ether sources; cost and 
effectiveness of marine operations; potential productivity of the deposits; 
and investment climate, Including stability of operations. At greater water 
depths and distances from shore, costs rise rapidly. It Is estimated that the 
capital cost to develop and produce from a 50-tnUUon-banel offshore 
petroleum field wifl increase more than Ifci percent when moving from 100 
to 600 feet of water. •* » -ry-i c- ■ ■« v 

’ The petroleum industry has been singularly successful in moving off* 
shore, cothbinlng the initial advantage of being able to adapt directly many 
onshore eaplomtkjtvproductlon capabilities with imaginative foOow-cn 
techniques for deeper water opera ti on s . Although current production Is 
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limited to a water depth of 340 feet, exploratory drilling for oil is proceeding 
at depths of 1,500 feet in the Santa Barbara Channel. The report of the 
National Petroleum Council issued in March 1969, “Petroleum Resources 
Under the Ocean Floor,” stated that progress of the petroleum industry 
offshore is limited primarily by economic attractiveness rather than by 
technological capability, and predicted that complete systems for explora- 
tion and production in water depths of 6,000 feet will be available within 
the decade. /'.* • ; 

Unlike oil and gas, marine nonfuel minerals have been relatively neglected 
due largely to the absence of an economic incentive sufficient to stimulate 
development of exploration and production capabilities. Worldwide, less 
than $250 million in hard minerals were recovered from the oceans last 
year in some 300 mining operations, all conducted close to shore (table 

v-3). : 

Table V-3 — Racant Marina Mining Activities 
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Identification of target areas for hard minerals mining is especially diffi- 
cult since few deposits extend seaward from land, making tracing impos- 
sible, and most have small horizontal dimensions. Thus, more sophisticated 
exploratory techniques and equipment than used on land are required. Also, 
production of surficial minerals is limited to protected coastal waters less 
than 200 feet deep because of the lack of a deep-water, open-ocean dredging 
capability; tunneling for subfloor minerals is restricted to 15 miles from 
shore by the state-of-the-art of underground excavation techniques. Con- 
sequently, most experts believe that production of hard minerals in the 
near future will probably continue to be limited to nearshore areas unless 
unknown, extremely rich deposits are found in the deep ocean, or a sudden 
change in the availability of critical commodities dictates unusual measures. 

Future discovery of valuable new sources of minerals in the deep ocean 
cannot be ruled out. Vast areas, including the longest and highest chains of 
mountains on earth — the mid-oceanic ridges and their associated rift val- 
leys — are virtually unexplored. During separate expeditions in the Red Sea 
in 1954, 1965, and 1966, three undersea pools of hot, high-density, metal- 
bearing brines were found at depths of some 7,000 feet. Scientists from 
Woods Hole Oceanographic Institution, who have estimated that the 
brines contain over $2.3 billion in gold, copper, zinc, and silver in their top 
100 feet, believe that the origin of the metals is related to a rift valley that 
cuts through the middle of the sea. yie ' : ' 

>.*' Despite economic and technological constraints on ocean mining, indus- 
try^ most frequently stated problem — according to the report of the Com- 
mission on Marine Science, Engineering and Resources— is “the lack of a 
clear regulatory and legal framework for many aspects of marine operations. 
Industry also is handicapped by current and foreseeable conflicts over multi- 
ple use of marine areas and by lack of clear definition of the rights of 
individuals and companies to use coastal or offshore areas.” In view of 
growing public reaction against the use of coastal waters for operations 
which pose hazards to water quality and marine . ecology, and unresolved 
Internationa) issues on ownership of minerals of the deep ocean (see chs. 



considerations may be the major impediments to an expansion of marine 
minerals development in the 1970’s. 




Government’s Roto and Agency Retpomlbil Ittot 

G^vera/hent** role with respect 1 6 mineral development has been to 
encourage' and sponsor programs to— 

' .. XV- • ■ 

1 ) Irtstire iui adequate, dependable, diverse supply of raw materials 
for iui^d^>an(Ung'' ^puIado^;iuid for' a' growing' industrial ' economy; 








(6) Maintain safe and healthful working conditions during mining 
and mineral processing ; 

(7) Manage the mineral resources of Federal lands in accordance 
with sound business principles; 

(8) Manage U.S. mineral resources so as to assist in maintaining a 
favorable balance of payments; 

(9) Provide supporting services such as mapping and charting, 
weather and sea forecasting, aids to navigation, ice breaking and channel 
maintenance, and rescue-at-sea activities ; and 

(10) Provide a climate for industry to produce efficiently under com- 
petitive conditions the minerals required for the domestic economy and 
foreign trade. 



In carrying out this role, it is assumed that the actual production of the 
minerals from the sea as well as from land will continue to be accomplished 
by private industry. XTX V X-X . p XX ' X ; X ' 

Programs which directly and indirectly contribute to the development 
and management of marine minerals are conducted by a large number of 
• Federal agencies and include — '' \ . ;X 

Jpp ' (1) Resource mapping, delineation, and assessment to identify the 
; ; 5 general distribution and economic potential of seabed minerals — 
Geological Survey, Corps of Engineers, Environmental Science Serv- 
V-r’ ices Administration; ^ : ' 

(2) Leasing and management of federally-owned land — Geological 
Survey; Bureau of Land Management; v - * “ i ; - r * r 
; V (3) Development of prototype mining and processing methods and 
systems prohibitively expensive for industry to undertake alone — Bureau 
- p[ of Mines, Office of Saline Water; y I v.> : 

(4) Supply and demand analyses for minerals and fuels — Bureau of 

v. t • - -y v ’• Mines; • XXIX' 

(5) Supporting services such as bathymetric charting, geophysical 

'! surveys, logistic support, environmental forecasting, and safety-at-sea — 

E n vironmental Science Services Administration, Navy, Coast Guard, 

^ ^° r P s Engineers; ^ 

(6) Research on seafloor origin, structure, and processes fundamental 
to understanding and predicting mineral occurrences — National Science 

■ lliilllilfil location, Navy, Geological Survey; . ; 

' v) Administration of U.S. tax, customs, regulatory, and import- 

export policies — Departments of Treasury, Justice, and Interior, Federal 
Power Commission, Interstate Commerce Commission; and 



■ v, . : is accomplished through 

vy-X a m>r^e,ncy mechanisms, most of which involve Executive Office ^ ^ 

. by ' arid Technology, the Gouncil cf Economic [ifr 
Adv^n, the Natidrial Security Council, the Bureau of the Budget, and the ; 

^Maririe Scien ces Councils tka i/nM«a dajamhaa. j ' 
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responsible for assisting the President to insure that the marine science 
activities of the United States are conducted so as to accelerate development 
of marine resources and to encourage private investment in the requisite 
exploration, technological development, and economic utilization. 



Programs of the Department of the Interior 

'' : ■ . 1 ' t'- .V\ • ' ;• V .■ , . 

The Department of the Interior, fs the Government's primary agent for 
natural resources, carries out those Federal programs specifically directed 
at marine minerals development and management. To strengthen the 
Department's capabilities to deal with emerging and critical issues in the 
marine area, the Secretary of the Interior has named an Assistant Secretary 
for Fish and Wildlife, Parks and Marine Resources and created an Office of 
Marine Resources under the Assistant Secretary, During the last fiscal year, 
Interior funded marine minerals programs amounting to $8 million which 
were conducted by the Geological Survey, Bureau of Land Management, 
Bureau of Mines, and Office of Saline Water (table V-4). * f 

; T' Tablt V-4 — Department at the Interior Programs lit Direct 
* U PP«** of Marin# Minerals Development . • 
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, Activity and acency 
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Eftimated 
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Geologic investigations: Geological Survey. 


2.9 


3. 3 


V‘.- ' 3. 3 


Mining research: Bureau of Mines 


«•* 1.5 
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: * ’ 0. 9 


Leasing and management; 








J: ■«,#' Bureau of Land Management. , . ’ . . . . . 


a s : 


vvC:;>, 0.5 
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t Geological Survey.. 
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Fresh water sources and marine relationships: 








v Office of Saline Water* 


1.9 


2.6 


2. 2 


Geological Survey. * 


M; 0.6 


&&V 0.6 


■v ? iV 0.6 


Total..:.,.......,..; 


..... J|t 8.0 


9.2 
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; ; 1 Pro|r*ma to dmbp tad demonstrate dmltinf method* are not Included. \V. 

The Geological Survey's program of marine geology involves geological 
and geophysical ^reconnaissance surveys and mapping of the U.S. continental 
margins to; identify and Appraise target areas for potential new mineral ' V 
resources; evaluate geologic and engineering hazards relating to the seafloor; } *: 
and investigate geologic processes in the marine environment. The Geo- f 
: y logical Survey , began ^ncerted offshore mapping in 196? by sponsoring y.J- 
; - w a cooperative program with Woods Hole OceanocnraDhic Institution on the 



|g|| Atl^tic r cqiiti^ eflforf has sin<^ been expanded to ? *: 

liffi , PifcrifiCJ, , and includes research contracts with 

• nfcrw : f isnow op.; ‘ program ^ 

-'tot completing a ^ analysis of the Nation's con- 

fl&argim at £ .scale bf _1; 2w,ppp w rapapij^ttion of data 

S S ‘-^5? M i>OOd>OPO, dr planning purposes. S; ^ 



Priority areas to be mapped are selected by the urgency of the “need-to-know* 
in terms of assessing the economic value of lands to be offered for leasing, 
identifying geological hazards to construction activities, and locating 
potential new deposits of needed minerals to stimulate development by 
private industry. 

Among recent Geological Survey marine programs are— 

(1) Intermediate scale jeologic mapping in the central Gulf of 
Alaska and on the Bering and Chukchi continental shelves to serve 
as a guide for the assessment of placer deposits of gold, tin, platinum, 

and oil and gas resources; • , _ ' , 

(2) Participation with the Coast Guard and ESSAs Coast and 
Geodetic Survey in “Polar Profile— 1969,” an oceanographic survey 
of the Chukchi Sea aboard the U.S. Coast Guard cutter Storu which 

1 ; identified geologic structures and sedimentary rock sequences possibly 

favorable for large accumulations of petroleum; 

(3) Detailed geologic and hydrologic investigations of San Fran- 
v cisco Bay to assist in planning for land development and construction 

. engineering in a seUmically active area; ■. ^ ■ 

(4) A geochemical analysis of 1,400 bottom samples from the north- 
western Gulf of Mexico which revealed anomalously high concentra- 
tions of zirconium, possibly indicating the presence of economically 

V: important heavy mineral occurrences; ^ 

k (5) An extensive regional strv< Jural, stratigraphic, and geochemical 
survey of the Gulf of Mexico, conducted jointly with the Navy aboard 
the USNS Kane in concert with its military objectives, which demon- 
strated that geologic conditions are favorable for oil and gas beneath 
:;1; X - much of the Gulf ; and '• . 

(6) Mapping programs off Boston to identify sand and gravel de- 
t 0-‘| posits, and between Cape Hatteras and Cape Fear to investigate the 
resource potential of that region. A A V 

I n August 1969, the Geological Survey published four new maps plus 
r an interpretive text which represent a major contribution to our consoli- 
v '-> dated knowledge of global marine mineral resources.* “World Subsea Min- 
eral Resources” is a first attempt to summarize data on the occurrence of 
subsea minerals and to outline their location and extent throughout the 
world’s ocean basins. Information and advice was provided by experts from 
' industry and academia as well as from Federal agencies. 

These preliminary maps were" prepared at the request of the Marine 
ici Sciences Council as part of the Goveminert’s effort to assemble basic m- . 

formation helpful to its own officials and to those of other nations concerned 
^ with seabed exploration and development. Copies of the maps were pre- 
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The maps depict laige-scale geologic provinces; known and potential 
distribution of petroleum, sulfur, phosphorite, managanese, metal-bearing 
muds, and saline minerals (fig. V-3) ; and sites of current mining, drilling, 
and dredging operations. The interpretive text notes that areas favor- 
able for the local occurrence of subsea petroleum resources may be adjacent 
to nearly every coastal nation but adds that the geology and resources of the 
seabottom are still too imperfectly known for accurate appraisal of their 
magnitude and value. -• i YC'Yv, / . 



Both the Geological Survey and the Office of Saline Water sponsor pro- 
grams designed to use the oceans to augment conventional sources of fresh 
water. Office of Saline Water activities involve research and development 
related to purification of seawater and mineral recovery from concentrated 
brines. The Survey undertakes the collection and appraisal of basic water 
data; conducts research and mapping related to submarine springs and 
coastal aquifers; and investigates hydrology, hydraulics and sedimentation 
in selected estuaries. A study of offshore aquifers in Monterey Bay is cur- 
rently being conducted in cooperation with State agencies. .My N./yyy 
The Bureau of Mines conducts studies of the U.S. consumption, domestic 
; v ;r, production, and reserves of mere than 80 minerals, including examination 
economics of production from marine and alternative sources. The 
manne mining program of the bureau, carried out at its Marine Minerals 
Technology Center at Tiburon, Calif., is designed to assist in the develop- 
ment of resource sampling, delineation, and production equipment and 
Y* v . . techniques which are effective and reliable, and which afford maximum pro- 
tection to the environment. Activities in 1969 included the testing of sys- 
yf terns for automated precise position fixing and modification of subbottom 
J ;> Y : profiling equipment to make it more suitable for delineation of maiine min- 
: • cra ^ deposits. In addition, the analysis of data from an earlier survey of : 
f Bai ^ c Phosphorite deposits revealed a significant correlation be- 

tween high mineral concentration and nfitraSra! 
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tmae phosphorite deposits Can be assessed on the basis of their physical 
properties. ? ■’ 

Statutory responsibility for leasing and managing federally-owned off-f 
shore land*- the 805,000-square-iiiiIe Outer Continental Shelf— is vested p v 
1|t|:*n »he Apartment pf the Interior, specifically in the Bureau of Land Man- f 
r agement and the Geological Survey. The Bureau of' Land Mana gement 

P**? 11 * 8 leasirigm^ps, holds lease sales, and approyesassignmentof lease 
j /I* interests. It also issues norhhutf.unv fnv nSnAli'nM * i 



during * e P® 8 * year, completed a study on the place of offshore oil in the 
|g| total national wppl^Tti progress is a study designed to identify the eco- 

domic impact. of recerit revisions in the regulations which govern leasing ■?'/ 
ftll iand drilling on the Continental Shelf. The Geological Survey is the MY. 

gathering infoimatioh bri the reolos-v and mineral n ( tk. ® u :' 
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The selection of offshore lands for leasing, determination of their fair- 
market value, supervision of drilling activities, and prevention of environ- 
mental degradation became focal points of nationwide attention last year. 
For the first time, the Secretary of the Interior revised the regulations gov- 
erning leasing and the production of oil and gas on the Outer Continental 
Shelf. (See ch. III.) And, following the oil well blowout on a Federal lease in 
Santa Barbara Channel early in 1969, the President appointed an a d hoc 
Oil Spill Panel which subsequently issued two reports assessing the hazards 
of oil spills and recommending revisions in Federal minerals policies which 
would afford greater protection to the marine environment. (See ch. III.) 



Activities of OUtor Agencies 



toward marine minerals development, many other departments and agen- 
cies support closely related activities. Through its Coast and Geodetic 



v-': ■ '• 



oemces Aanunistrauon conducts bathy- 
metric and geophysical surveys of the continental shelves and deep ocean 
areas. The bathymetric charts are used by both the private and public sectors 
as base maos UDOn which *• 1 




--- — iww vjr iatui uic puvaic oiia puuiic sectors 

as base maps upon which seafloor geology, subfloor structure, and potential 
mineral-bearing areas are overlaid. 7/or this reason, the selection of geo- 
graphical areas is closely coordinated with the offshore mapping programs 

OI the Geological Slirwv. A lAner.MflffA rvi 'mnti.ffnnMnuiM l... 1 1 



OI uie woiogicai survey. A long-range mapping program has been developed 
for the entire continental shelf of the United States with annual priorities 
determined to a large extent by the immediate requirements of the various 
• v users. Maps have been published recently for areas of the California and 
Oregon coasts, and others are being prepared for parts of the Gulf of 
Maine and for the sea floor off North Carolina. ■ . 

ESSA is also pursuing a programof scientific exploration and mapping • 

lEAMAP) desicned to com nip fc thp mannliitt nf QH 






vv^; uic tua * icm norm racmc ano most or tne worth Atlantic, 

1 ^ t* 1 ? i980*s. The output of this program will be 1 : 1, 000,000-scale maps 

showing the bathvmetrv and the u 



: r U1C gwp«y«cai ana geological properties ol the 
t" I® *** fl°or. Last year, a bathymetric map with geophysical overlays was pub* 
lisb^d for Nortoh Sound, Alaska.' In addition, ESSA’s environmental predic- 



uy>r« aca-uoacu operations unaertaxen r >r ■; 
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Navy conducts geophysical surveys on the U.S. continental margins 
** as in the deep to defense requirements and makes ^ !1U i; i ; 

M most of these data available to thp nnhliV In addition uu k-.’ 
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terranean Sea, many new questions are raised about the history of the 
ocean basins and previous estimates of mineral potential of the deep oceans 
may have to be revised upward. 



Another example of spinoff to the marine minerals area from the Nav/s 
military-oriented program is the identification of what may be one of the 
most prolific oil reserves in the world on the continental shelf between the 
Republic of China and Japan as the result of a survey undertaken with 
the contract vessel R/V F. V . Hunt. Three small basins beneath the Yellow 
Sea were also found to be highly promising areas for petroleum deposits. 

The Army Corps of Engineers, through its Coastal Engineering Research 
Center and Lake Survey District, has been conducting a sand inventory pro- 
gram since 1964 as part of a beach replenishment effort. To date, some 
7,300 statute miles of seismic profiles and 1,000 cores have been collected, 
in large part under contract with private industry. A cooperative inventory 
program with the U.S. Geological Survey is currently underway to assess 
sand deposits in areas of mutual interest such as Long Island Sound. 

The U.S. Coast Guard conducts oceanographic surveys off Alaska which 
involve geophysical measurements and bottom sediment samples. The * ‘Polar 
Profile — 1969” program in the Chukchi Sea, carried out jointly by the Coast 
Guard, the Geological Survey, and ESSA, has been previously mentioned. 
As the development of the mineral resources of the polar regions intensifies, 
Coast Guard supporting services involving the maintenance of transporta- 
j; ' tion routes, logistic support for bases, and safety-at-sea will become increas- 



ingly important 

■' The National Science Foundation annually funds some $1.5 million in 
university research on the origin, evolution, structure, lithology, and sedi- 
mentology of the U.S. continental margins and the deep ocean basins. 
Knowledge of the sources of known mineral deposits, the distribution of 
sediments by waves and currents, and the formation and movement of 
the oceanic crust is fundamental to the efficient location and exploitation of 
seabed minerals. V 

Under the Sea Grant Program administered by the National Science 
Foundation, offshore : oil and gas studies were conducted last year on the 
geochemistry of offshore petroleum and the deposition of sediments; grad- 
uate education programs developed in the area of marine minerals; inven- 
tories prepared of coastal sand and deep sea mineral deposits; and geo- 
V physical studies of the Great Lakes undertaken to assess economic potential. 
The Foundation is also supporting the Deep Sea Drilling Project (ch. XI ) 

•, ufkiVti nAt An 1 u rlpmAnitntPfl tViA rtf npw mtelTH 



and drilling teclmiques, but is adding a >yealth of valuable new information 
to our lirnited knowledge of the sediments apd potential mineral provinces 
of. the deep oce^. Alffiough yirtuaiiy all accomplishments of this project 
■ • : .r.:;-';-: am significant to the future of the offshore mining industry, *«*i*w®« 
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3* Demonstration that only a very small proportion of ferromanganese 
nodules encountered on the seafloor continues downward into the under- 
lying sediments. * 



Growing Global Interest and Capability 



As the decade of the 19/0*8 begins, intensifying worldwide interest in 
marine mineral resources and the availability of an increasingly sophisti- 
cated mining technology are converging to generate new and unique oppor- 
tunities and challenges at both the national and international levels. While 
the United States leads the way in harvesting minerals from the oceans and 
in developing offshore mining technology, virtually every maritime nation 
and advanced coastal State Is conducting marine minerals programs. Japan, 
the Soviet Union, France, the Federal Republic of Germany, and Canada 
have all announced long-range plans or significant new discoveries. 
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the SS Manhattan , and a new generation of submersible vehicles are dem- 
onstrations of the rapid development of capabilities to explore and produce 
resources on and beneath the surface of the water in regions heretofore 
restricted from man's concerted intervention by technological limitations. 

As noted earlier, exploratory drilling for oil has been extended to water 
depths of 1,500 feet and, within 10 years, actual production should be 
possible in water four times as deep. This year, as part of the second phase 
of the Deep Sea Drilling project, a sonar-based system for reentering drill 
holes will be tested aboard the Glomar Challenger, Drilling at sea has been 
seriously hampered by the necessity of abandoning a hole once the drill bit 
has dulled. Successful introduction of the reentry system will not only open 
the way for exploratory and development drilling to great depths in the 
deep ocean but will allow for the placement of seismographs, heat probes, 
and other instrumentation beneath the sea floor. Also to be tested is a 
turbocoring unit in which water pressure turns the drill while the drill 
string remains stationary, 

In response to variety of requirements, the offshore petroleum industry 
is beginning to move many of its. operations under the sea. Last August, 
a 15,000-ton, 5,000,000-barrel bottomless underwater tank, 20 stories high, 
was installed in 158 feet of water off Dubai in the Arabian Gulf for the 
storage of crude oil. (See photograph at beginning of this chapter.) The 
system avoids the need for onshore storage tanks and underwater pipelines, 
and may have wide application off countries where lack of deep water port 
facilities prevents docking of supertankers, 

Beginning this spring, a number of companies including Lockheed, North 
American Rockwell, and Deep Oil Technology will test prototype petro- 
leum production systems emplaced beneath the surface of * vater on the 
ocean floor. These systems are designed to give producers the capability to 




in an en- 
closed capsule. The drilling would be accomplished from surface drilling 
V ships. Undersea location of production equipment will reduce storm and 
/ 4 V marine traffic hazards, and avoid cluttering the oceans and coastal areas 
with often 'Unsightly surface structures. The President’s Panel on Oil Spills, 
v in its report ‘‘Offshore Mineral Resources,**^ recommended that the Gov- 
ernment move in the direction of a policy that would require offshore oil f 
and bras nroduction Atruehire* t Ah* totally beneath the surface of the sea 



~ % ing up t^e-quarten of a mileoffshore free from unpredictable air-sea 

:>■ '--:M interface effects, was placedintooperation by Ocean Science^ Engineering, | 
Florida's east 6^t in a p^tot)^ test sponsored by the Corps of £ 
I Engineers and the State r of Florida. Deritfn and testing of a variety, of new l 



9 “Offshore Mineral Resources— A Challenge and an Opportunity” j Second Report $ 
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This summer, a prototype mining system for manganese nodules which 
utilizes a unique dredge head will be tested by Deepsea Ventures, Inc, in 
water depths of 3,000 feet on the Blake Plateau. The same company is 
currently delineating possible mining sites in the Pacific Ocean as well as 
operating a mini-pilot plant to evaluate the economics of a chemical process 
for separating and recovering the manganese, copper, nickel, and cobalt. 
Indicative of the growing global interest in harvesting manganese nodules is 
the recent announcement by Japan's Transportation Ministry that a subsidy 
will be awarded for the construction of manganese mining ships as part of a 
program to develop new reserves of raw materials for its steelmaking 
industry. 




Major Challenges of tho Soventloo 

In spite of the growing demand for minerals and the availability of 
enhanced technological capabilities for exploiting them from the oceans, two 
strong countercurrents have developed during the past several years which 
may have a retarding effect on offshore mineral production during this 
decade. The first of these is growing preoccupation with preserving and 
securing the quality of our environment Concern over the quality of our 
inland Takes and rivers and the air we breathe has expanded to encompass 
the oceans, particularly the near-shore areas. This is largely the result of a 
series of highly publicized disasters and near-disastert which have included 
the Santa Barbara blowout and the Torrey Canyon and Ocean Eagle oil 
tanker spills. Much has also been written recently about possible detrimental 
effects of mineral dredging and processing operations at sea on the ambient 
environment 

Potential hazards on a previously unknown scale sire being created by an 
ever-growing world fleet of supertankers* which even today plies waters 
off heavily populated coastal areas and which may, in the near future, 
operate in the Arctic. The extremely slow degradation of oil under polar 
conditions due to lack of microbial action makes both the prospect of its 
exploitation and transport in far northern seas unpalatable to many. To 
anticipate and address potential problems of environmental degradation 
stemnlng from resource development in this region, the President’s five- 
point marine sciences program includes an expansion of Arctic research, 
with special emphasis on ecological considerations. < V , 

- Thus a major challenge in the 1970’s will be the achievement of a balance 
between potentially conflicting objectives of marine resource development 
and environmental protection which will pres&ve the rights of the public, 
industry and Government while at the same time maximize net national 
benefits, social as well as economic. As discussed in chapter ltl on the 
coastal zone, this delicate balance must be achieved within the framework 
of a multiple-use concept which avoids the equally unsatisfactory extremes 
of complete freedom for industrial mineral development on one hand and 
complete excluskm of the mineral industry from coastal waters on the other. . 

Paradoxically, a second major challenge to an expansion of marine min-* 
erals mining is being generated by growing worldwide interest in the 
minerals. As described in chapter XIII on International policy, the Malta 
proposal in the fall of 1967 focused International attention *>., the questions 
of ownership of the seabed minerals outride the boundaries of national juris- 
diction and how these boundaries ate to be determined. Subsequent discus- 
dons within various international forums and Individual nations have; 
stimulated the interest of developing coastal nations In the miners] potential 
of their offshore margins; raised the possibility for developing landlocked 
state* of sharing In the economic benefits from deep ocean minerals; and 
created lean in many mineral exporting nations fay raising the specter of 
a new source of competition. The net effect of thts focusing of attention may 
actually retard the exploitation of seabed minerals in the yean immediately 
ahead. This was demonstrated by pamge of a resolution by the United 
Nations in December 1969, despite opposition fay the United Stans, which 
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would prohibit mining activities in areas beyond limits of national jurisdic- 
tion pending creation of an international legal-administrative regime for the 
deep oceans. v ' ••• •• 

Even within the United States, ownership of offshore mineral rights is 
still an issue, both at the Federal-State and State-State levels. Last year, 
legislation was introduced in Congress on behalf of the Atlantic Seaboard 
States to extend their offshore exploitation rights out to 12 miles from 
the present 3-mile limit established by the Submerged Lands Act of 1953. 
As a result of claims to undersea lands out as far as 100 miles based on 
colonial charters, the Government filed suit in April against 13 Atlantic 
Coast States (the Original Thirteen less Vermont and Connecticut, plus 
Maine and Florida) to bring final resolution to the question of ownership 
of mineral rights on the Atlantic continental shelf. Other longstanding 
disputes over title to minerals off U.S. coasts remain unsettled due in part 
. to the absence of fixed and identifiable baselines in most coastal areas 
from which to determine jurisdictional boundaries. 

The importance attached to resolving the broad questions of jurisdiction 
over continental shelf and deep ocean resources is manifested by the 
f establishment of three special congressional subcommittees during 1969 and 
the rising attention to ocean law in academic and professional circles . ' , s ” 
In no area of marine science are the benefits from — indeed, the necessity 
for— a public-private partnership more apparent than in the development 
of mineral resources. The exploitation of these resources will continue to be 
conducted by private Industiy. At the same time, the minerals are on public 
lands and must be managed in accordance with overall national priorities 
and objectives, including considerations of foreign policy. In view of the 
mineral potential of the oceans and the complex issues confronting their 
' * continued exploitation, it b Imperative that the Federal and State Govern- 
- V meats and private industry work together to develop policies which take into 
. , account the economic incentives that motivate industry to move seaward, 
^ the rapidly evolving technology for doing so, the growing public demand 
for adequate environmental protection, and the ImpUcatMu of these pod- 
J; ties for our broader International objectives. During this decade, develop- 

• :v ! meat of judicious and effective policies for marine minerals will taie on a 

* . growing urgency— and will require the application of the best of our national 
O/.'l talents drawn not only from science and technology but also from the dis- 

; V' dplinet of law, economics, sociology, conservation, and International affaln. 
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Chapter VI 

ACCELERATING USE OF FOOD FROM 
THE SEA ; 




< • 




The United State* has an important stake in furthering development of 
the sea's food resources. The fishing industry can contribute to domestic 
and international economic development, provide employment, conduct 
research to assist in using the oceans more effectively, and provide food for 
combating hunger and malnutrition in the Nation and the world. : 

The world’s rapidly increasing population portends an urgent need for 
increased supplies of food from all sources. By the year ?000— one genera* 
tion from now — more than 6 billion people will be competing for the 
earth's food and resources. Already many developing areas of the world are 
critically short of animal proteh. /’• * , ; 5 , ' 

The living resources of the sea can contribute importantly to meeting 
a part of the worldwide need for animal protein. The present harvest of 
the ocean is roughly 64 million tons annually. Seafood production is one 
of the few major foodstuffs Increasing faster than population giowth..The 
Food and Agriculture Organisation estimates indicate that a well-managed 
world fishery could yield three to five times the current output Large quanti- 
ties of the unutilised living marine resources lie off our own coasts and 
the coasts of many protein-deficient countries. The world fish catch, major 
areas of resources potential, and protein deficiency are indicated in figure 
VI-1, . v* .• •••• • »*-- 



i>The Marine Sciences Act calls for rehabilitating our commercial fisheries, 
as {Art of a national policy for marine science. The act also states that U 6 . 
marine science activities should be conducted so as to contribute to a variety 
of objectives, including accelerating marine resource development end 
fostering International cooperation in the national Interest One of the 
fiM Initiatives taken under the act was to seek to use XJS. technology and 
leadenhtp to develop food from the sea to help feed the undernourished 
people of the world. .. A _ y: ■- - r ., ...*. 
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men harvest but one- tenth of this potential; foreign fishermen tale most of 
the fish caught in international waters off the U.S. coast While world fishery 
production shown In figure VI-2 has sharply increased, the annual catch 
by US. fishermen has remained almost level at 2.2 million tons. Moreover, 
while US, fish consumption has trebled during the last three decades, and 
while today the United States provides the most lucrative world market 
for fishery products, only a small part of our total fish consumption is pro- 
vided by domestic fishermen. In 1969, about 60 percent of the total U.S. 
supply of fish products came from Imports. Figure VI-3 pottrayi the trend 
of the UA supply of fishery products. The sharp decline in US. fish imports 
last year resulted from a short supply and higher prices of fish meal for 
animal feed on the world market and the substitution of soybean as an 
alternative protein source, **?**?:#; v • • •• * v 

The generally static condition in parts of the harvesting segment of the 
US. fish food industry contrasts with the dynamic growth of some parts 
of the processing and distribution segments or the industry. A few branches 
of the harvesting industry* -such as the shrimp end 'tropical tuna Indus* 
triee--are growing, energised by technology and aggressive msiagement 
developed at home and in overseas operations. UA processing and distribu- 
te® firms have established extensive collecting networks for raw and semi* 
processed fishery products in more than 30 countries, primarily in the 
developing world.' '' • -- 1 ■■■•?: 

This increasing dependence on foreign sources for primary production 
has occurred because many bulk raw fish and fish products can be secured 

at a lower cost from foreign than from U A producers. The high cost* of UA 
producers compered to foreign result from a number of factors, including 

, 'Tbs Oreadl enalfsct mrtrt l a v ts m e at Oypwtaddes la Ocua 

AerMrW describes mis ef Am atcMtkt. . . .. 





the requirement that U.S. fishing vessels be built in the United States,* the 
tangle of confused and conflicting local and State regulations, 1 relatively high 

Figure VI-2— Catch off iaafaad* by Leading Countries 
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U.S. living standards and costs, subsidized foreign production, and high 
vessel casualty rates . 4 However, a substantial part of high U.S. costs stems 
from our management of the fisheries as common property resources which 
often leads to over capitalization, more boats and fishermen than are needed 
to harvest the optimum yields, and resulting conservation regulations which 
downgrade harvesting efficiency to limit the total catch of the larger-than- 
necessary fishing fleet This profit squeeze is widely felt, contributing to locally 
depressed incomes, limited and highly selective capital investments in U.S.* 
flag fishing vessels, and unemployment in Some U.S. fishery localities. 



Rtvftallztnf th# Fishing Industry 



The domestic and foreign demand for fish and shellfish products will 
continue to mount In the years ahead, as both staples and gourmet foods. 
Many U.S. coastal communities and industries will continue to rely upon 
the fishing Industry to supply jobs, income and raw materials. t: 

Programs of research and development have an Important role to play 
In strengthening the fishing Industry. Bade biological studies provide a 
basis for assessing fish yields. Surveys and exploratory fishing programs 
establish the potential of latent fisheries. The development of new harvest* 
ing techniques, fishing gear, and equipment can increase catches and reduce 
costs. Better and more efficient methods for processing and handling fish 
products — Including quality control and diversified product use — broaden 
the market and provide more and better fish products for the consumer. 

.During the past several yean numerous studies have been conducted with* 
in and outside the Government to Identify more deariy ways to overcome 
impediments to growth of the harvesting sector of the seafood industry. Of 
Importance was a March 1968 conference of representatives of all parts of 
industry, partially supported by the Marine Sciences Council. 1 The Con- 
ference recommended that the Federal Government reexamine fishing 
restrictions that reduce efficiencies of the fisherman, consider limiting the 
number of fishermen exploiting Modes already being fully harvested, Im- 
prove statistics on fisheries, strengthen UA polides concerning fishery 
management, and take into account food shortages on a worldwide scale In 















4 "A Study el Cost Benefits sad Efieetheneei of tbs Merchant Msdae," UJ. Coast 
Oesrd,Miy 1, IMS, Identified Ishbtf vessels as harit* the poorest safety record el aay 
group «IUA vessels. - 

'Ths Ooa l srtaes ee tbs Future el tbs U£. Fishing Industry was held ea Uir. 
11-17, IMS, at tbs Uahenfty et Wuhb^toA, Seattle. Sponsored by tbs utfarrity 
sad Industry as wd as the Federal Oovenuneat, It brought together M emerts 
from fit went Wfeatt el the fisting sad Ifi procetdag Industry. Fromtdhtgi 
si fit Ooa fc e tace war* pafcfcfitd la *fU Future el fit fishing ladustry «l the 
Halted I t e m," Urdttnity el Washington FAIrtrtcae la Fbberies Mew Series, 
VolIV, IMS. * ' 
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promoting development of the domestic Industry. Private industry was urged 
to develop and expand the seafood market and to provide better education 
and training ta the industry. ' - ' a r ‘ ; ' ‘ 

The Marine Sciences Council In 1968 considered an approach to the 
problems of U.S. fishermen and of developing a healthy industry, Including 
such steps as providing uniform guidelines for fishery conservation and man- 
agement, revising fishing vessel subsidy program, encouraging greater vertical 
integration ot the U A fishing Industry, and Increasing use of technology 
and better fishery statistical information.* J ^ .vr.-' ^ 

tn this context the Bureau of Commercial Fisheries (BOF) Is considering 



programs and policies which could-p J_ 

(1) Riduti production torU by providing improved resource Infor- 
mation and reliable forecasts to cut search date for fish and improve 
‘ scheduling and equipment use) developing more efficient harvesting 
technology) encoungtng adoption of economic management systems 



•This approach was eadltMd la _ 
"Marias Meat* Affairs— A Year af 






bul la th* OmadPs dM uaul report, 
‘ Fardripadoa," JaMtry, IM9. 



t V *'*?- 5Pi'[ 



6? 



f 




W 














» 



which will discourage over-capitalization and overbuilding of vessels 
for harvesting limited resources; and assisting the States to improve 
their managem ent capabilities in the interest of more efficient harvest- 
ing operations; ■ 

(2) Expand production opportunities by developing harvesting and 
pr ocessing technology which will help bring new resources into pro- 
duction; providing fish protein concentrate (FPO) technology for de- 
veloping a self sustaining FPO industry which will provide a market 
for underutilized fish; and assisting industry to develop techniques and 
procedures for economic aquaculture operations; and 
• (S) Improve catches ( and thus reduce per unit costs) by developing 

techniques and means to preserve the critical estuarine areas as com- 
mercial fishery resources; and securing a preferred position for U S. 
fishing vessels In international waters adjacent to U.S. coasts. 



the domestic fishing industry through the following major activities: 
International /L hems off lir US. coast ' v • 

■ Ji': Georges Bank Oroundfish 

I. Submitted convincing evidence of the seriously over-exploited condi- 
tion of the haddock resource which resulted In the International Convention 
for Northwest Atlantic Fisheries setting drastically reduced limits on had- 
dock catehea In this area. y- • 

. 2. Inaugurated a program to encourage U.S. vessels to catch poUock as 
an alternate to the reduced catches of haddock. 1 ' 

8. Demonstrated the use of high-opening bottom trawls to Increase the 
efficiency of poUock fishing. ' V. 

- 4. Developed and distributed a report in atlas form showing the areas 
of historic p&ockconcefttratiMtt on the New EngW grounds. 

i ’ Middle Atlantia Bight ground/uk 4v> 

Developed and presented evidence of overexploitation and potentially 
excessive fishing pressure which led to agreement from the U&SJt and 
Poland so limit ti. 4r fishing in this aresu v v 

v'y v KlngcSablnSoutheastBeringSia^* 

Developed evidence of overexploitation of king crab! in this area which 



1. Determined through an Intensive tagging program that Inshore north- 
ern lobsters an generally ncontigratoiy whereas offshore kbttefi migrate 
centidenhle distances. This knowledge will facilitate inshore management 



Fishery D s v al epme n t and 8— leod Technology Program 

During 1965, the Bureau of Commercial Fisheries undertook to strengthen 




resulted In agreement ef the U&S.R. and Japan to reduce their catch quotas. 



Improved management of fiskeritt ' -\f : ;>• 
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2. Determined that the stocks of herring in the Gulf of Maine harvested 
exclusively by U.S. fishermen are genetically distinct from those which occur 
on Georges Bank harvested jointly by U.S. and foreign fishermen. The Gulf 
of Maine stocks therefore can be managed separately from the offshore 
stocks. 

Distribution and abundance of resources 

1. Secured information on the distribution and abundance of hake in the 
eastern temperate Pacific through the first United States-U.S.S.R. coopera* 
tive survey of hake spawning; BCF and Scripps Institution of Oceanography 
participated for the United States. Research in the central Pacific also secured 
information which identified von Karmen wakes, a disturbance that results 
in regular formation of eddies dov -nstream from an island, as the mechanism 
which explains the tuna concentrations in the areas where eddies cause 
upwelling which brings cool enriched water to the surface and increases 
productivity. 

2. Developed a new ichthyoplankton sampler which has been recom- 
mended for use in new international fish resource surveys off three continents, 
•i 3. Through the application of sonar technology mapped fish school 
abundance and school size distribution over a 200,000-square-mile area of 
the California current region. These studies indicate the presence of 1 mil- 
lion fish schools, mostly of northern anchovy. 

4. Developed a remote underwater fishery assessment system (RUPAS) 
which was used in the scallop resource assessment 

5. Continued to survey the calico scallop recource off the east coast of 
Florida and assist in developing this fishery. 

Assistance to the fishing industry 

1. Devised a new chemical process for recovering additional marketable 
byproducts from shellfish promsing waste. - 

' 2. Increased the oyster shucking rate by use of microwave energy to assist 
in opening the shell, without affecting the quality of the product 
■? 3. Cooperated with the industry in developing a fast-sinking purse seine 
for tuna which gives increased catch rates over conventional seines. 

4. Promoted the expansion of domestic and foreign markets for Alaskan 
fishery products. r ■* Y Y - . 

i 5. Conducted research on diseases of marine organisms to help develop 
control measures which (1) identified a new protozoan pathogen in blue 
crabs; (2) led to a screening program to insure importation of healthy seed 
oysters from the Orient; and (3) worked out the life cycle on the MSX 
organism, MtntMnU nelsoni, an oyster destroying parasite. ^ Y 

1 The Bureau of Commercial Fisheries is conducting experimental work 
in aquaculture at several of Its labora to ries. The application of aquaculture 
YY techniques for rearing some types of aquatic animals under controlled con- 
ditions has produced large per acre protein yields. To reaBre the potent!*] 
Y Y of aquaculture requires adrandry scientific knowledge and developing 
technology to permit production at competiti v e costs. BCP Is conducting re- 

t ” ~ " ' ' ’ r "" Y Y. . ’ 






Y Y# 






.f, -Jk 






search on oyster culture techniques, selective breeding, nutrition and diseases; 
on shrimp pond raising and nutrition; and on hatchery raising of lobsters, 
including their growth and its requirements. 

In addition to its marine science programs, the Bureau of Commercial 
Fisheries administers three grant-in-aid programs to States. The State 
grant-in-aid programs are intended for research and development which 
will provide the basis for more effective management of fishery resources. 

The Bureau also provides data and technical support for significant inter- 
national fisheries programs in which the United States participates. Details 
of these programs are discussed in chapter XI 1 1. * 

The Bureau of Commercial Fisheries $46.8 million FY 1971 marine science 
budget is allotted as follows— . 

(1) 55 percent for resource development and management programs; 

(2) 8 percent for processing and marketing programs; 

(3) 11 percent for advanced technok>gy programs; 

(4) 2 percent for economic research programs; 

(5) 23 percent for financial assistance and grant-in-aid programs; 



(6) 1 percent for data and technical lupport for international 
fisheries programs. ■ • 



Coilntnrnl Support by Othor Agonelea 



The Atomic Energy Commlnton lupporti advanced investigations related 
to the pretence of radio nuclides from atmoipheric fallout in the ocean, their 
interaction* with organism*, and the use of tracers in oceanic research. The 
AEO also is supporting publication of a book on Moenvironmental studies 
of the Columbia River Estuary and the adjacent ocean region. 

The Food and Drug Administration'* responsibility has been broadened 
under the shellfish sanitation program, a Federal-State-indusUy program 
designed to insure safe consumption of shellfish such at dams, oysters and 
mussels, shipped in Interstate commerce. The program Includes surveying 
water quality, evaluating sanitation facilities of packers and shippers, and 
reviewing State control programs. The FDA alto is undertaking research on 
botuUsm in fishery products, canned salmon standards of identity and quality, 
nitrites In smoked fish, and ttndns from fish. The Department of Health, 
Education, and Welfare's Environmental Control Administration conducts 
studies of the course of viral pollutants In esvartes, their accumulation by 
> i sheQfuh, and purification process effectiveness. in removing these viruses 
■ from shellfish. ';'••¥»_ «• :.i‘ >i. J-\t< r < t . -vs : . 

During 1969, the adlninistra ,, * - proposed a bill to strengthen and lm* 

; prove consumer protection under the Federal Food, Drug, and Cosmetic 
Act tvith respect to Ash and fishery products through mandatory certifies 
don coupled with continuous, effective surveillance and continuous 
inspection. V 
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* nleal assistance to fanners and ranchers In soli conservation districts to help 












in developing aquaculture, primarily of catfish and to some extent of trout. 
The program seeks to assist in conserving and developing water resources by 
using the resources for food and recreation. 

The Smithsonian Institution provides essential, fundamental Information 
on the kinds of fishery organisms being sampled, produces monographs and 
guides to the identity of harvested organisms and those serving as food for 
commercial species, provides information on the populations and distribu- 
tion of species which might have commercial importance or which are 
parasites and predators on useful species, and provides a sorting service for 
bulk samples of marine species. 

The National Science Foundation furnishes basic scientific research sup- 
port in biological oceanography and marine biology for investigations related 
to marine organisms. Through the Sea Grant Program it supports graduate, 
undergraduate and Institutional investigations on aquaculture, fisheries and 
drugs and extracts from the tea — related in greater detail in chapter VII. 

The Coast Guard participates in enforcement of international fishery 
arrangements. The Navy makes its fleet thermal structure forecasts, gathered 
■ to determine underwater sound propagation, available to BCF for fish 
location forecasts. Sea-life distribution is affected by water temperature, and 
the Navy thermal profiles, provided at no cost to BCF through a cooperative 
arrangement, have proved useful to fishermen in locating fish. In addition 
to meeting national security objectives the Navy's marine biology research 
program also contributes to Information cm seafood. 



. <? F**d Frem tha Sm in the War mi Huncar , 

Recognising that food from the sea offers considerable promise In meet- 
ing a portion of the world's protein deficiency, the United States embarked 
, In 1967 on a new food-from-the-tea program with the Agency for Inter* 
- national Development (AID) assuming lead agency responsibility. The 
Marine Sciences Council gave high priority to the program, the initial 
objectives of which included development of commercial processing for 
producing fish protein concentrate (PPO) . The program Is Intended to — 

, (1) Determine the potential market for PPO In selected developing 

.^countries; ^ : , ».v- • ;* 

‘ (2) Seek to establish a viable commercial PPO system suitable for 
use in protein-deficient developing countries ; and ... ■ 

. (9) Encourage other nations and private interests to establish com- 
. s menial fishing Mustries In the developing countries. „ 

■ During 1969 the Marine Sciences Council acted to Insure a long-term basis 
v for the program bjr supporting AID'S initiatives to continue acceptability test- 
V Ing and analysis of the feasibility for use of various available PPO production 
proc e ss* In Is* developed countries, and s tr eng th e n! ^ the base of university 
[*£ technical support In the United States and abroad. It also encouraged DCF 
efforts to develop a prototype process for fatty fish, construct an PPO 
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demonstration plant In the State of Washington, and carry out biological 
extraction research, Public Law 90-549 authorized the contract for design, 
construction and operation of a 50-ton-per-day plant at Aberdeen, Wash,, to 
demonstrate the feasibility of large-scale FPC processes at lower costs and 
to provide engineering and economic data to assist private industry in con- 
struction of commercial plants. The Council also approved initiatives for a 
multiagency effort to Investigate the potential of FPC in combatting malnutri- 
tion in the United States within the framework of the broad program an- 
nounced by the President In May 1969 (see table VI-1). 

Also during the year the Council contracted with the Massachusetts Insti- 
tute of Technology for a study of “The Economics of Fish Protein Concen- 
trate” which would compare FPC with other protein additives for domestic 
and foreign use, •: ' 

The Agency for International Development conducted preliminary sur- 
veys of the opportunities for developing FPC capabilities in a number of 
Latin American, Aslan, and African nations, As a result of these surveys, 
intensive studies were initiated on a bilateral basis in Chile and Korea in 
1968, and a study of Morocco is expected to begin in mid-1970. The em- 
phasis of the Korean study was altered when it became apparent that 
Korea lacked an inexpensive source of fish for economical FPC production. 
Although construction of an FPC plant in Korea is not now contemplated, 
the study showed that FPC was the best source of protein there from a 
cost-protein-effectiveness viewpoint ■ * > :• '■■■}[,; 

The Chilean study will continue through fiscal year 1970, and will assist 
potentiaj investors in determining the commercial attractiveness of FPC 
investment in that country. The Chilean study includes— 

(1) Market analysis, including identification of factors contributing 
t0 dietary patterns, determination of opportunities for encouraging con- 
; o? sumer acceptability of FPC, and introduction of FPC into Govem- 
ment feeding programs; 

;!■•*& (2) Product development and testing to determine the suitability of 
FPC in fortifying local foods such as flour, bread, and pasta; and 
(3) Supply analysis to determine availability of an adequate supply 
•V>v; of inexpensive underutilized fish stocks. 

In 1968 AID contracted to purchase approximately 1,000 tons of FPC 



the contract for failure to* deliver an acceptable product, 



duced before the contract was terminated provided the product meets 
, contract specifications. The limited quantity obtained will be allocated so as 
to obtain data on product dwlopment, acceptance, aiid stability. An inter- 
disciplinary team from the University of California is assisting AID in this 
evaluation. Future FPC purchases will depend upon the findings of this 
evaluation and the ability of the manufacturer to produce acceptable FPC. 
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Tibi# VI-1 — Food From tho $#o In th# War on Hunger 

(ObUf*tloMlntboosandiofdolUfi) 

* : Aetail EstlmtUd 

7YIW TYim 

Bureau o f Commercial Fisheries (BCF): 

Research and development 2, 242 2 292 

Demonstration plant 312 1*333 

BCF subtotal. . 2 , 554 3,680 

Agency for International Development (AID): 

FPO purchase and implementation 72 52 

Pilot plants c, 3 

FPO market feasibility study 0 241 

Subtotal FPO. ........ .7. . . . 72 301 

Fishery surveys. 10 4 

Center of competence 750 0 

Direct fish production 704 704 

General technical assistance 1 704 704 

t V Fisk culture 293 0 

• Subtotal, other items. . 2,317 1,615 

AID subtotal. 2,389 ;V ],9I6 

; 4 Total food from sea. 4,943 5,596 

1 Mostly United Nations Deyelopmsct Program. *" •? V> 7 - 7 

Under an AID program to further the development of university exper- 
1 ' * n economics of international fisheries, a fisheries “center of compe- 

tence” has been instituted at the University of Rhode Island. AID has 
% granted $750,000 over a 5-year period to assist that university in undertaking 
An inter-disciplinary curricula for both U.S. and foreign students to focus 
i upon the development of world fisheries, with particular emphasis on the 
socioeconomics of fisheries development. v' ^ - 5* . t. ’ : 

In fiscal year 1971 AID plans fishery programs in the amount of $2.6 

|g§§:. i 

In developing FPG technology during 1969, the following accomplish- 
“ ments highlighted the program. The Bureau of Commercial Fisheries — 




Completed predesign research, process, and plant design, and 
commence< I site preparation for a 50-ton-per-day FPC demonstration 




P iani At Aberdeen Wash., described above. In fiscal year 1971, the 
“ expected to be completed. It will commence experimental 
P^ui^n dang ; 

(^) Prepared samples of FPG froma number of species of lean and 
fatty fish to obtain information needed for process modification, and 
to provide sample material for testing and nutritional evaluation: 

. • 1 ^ ; •*' . - 2 :v j 2 k ' ; a* ■ • 
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Through the of plication of scienc * and technology, fishing vessels are equipped with 
the latest processing equipment. The 297-foot, 3,120-ton freezer stem trawler Sea- 
freeze Atlantic, shown above, like its sister ship Seafreeze Pacific, was built with 
US, Government assistance . They are among the largest fishing vessels constructed 
for operation under the US . flag . ^ 

' v ( 3 ) Submitted a petition to the Food and Drug Administration to 
increase the variety of fish species which may be used for making FPC. 
> • The petition covers most species off U.S. coasts which are suitable for 
making FPC; \ :• 

(4) Completed governmental and nongovernmental studies which 
provided the design basis for a distillation system for economical re- 
covery of the solvent (isopropyl alcohol) used in the FPC extraction 



process; -i ^ 1 - 

• i (5) Commenced study of systems for making FPC by different 
processes such as through biological extraction which will lower 
processing cost and provide valuable functional properties to increase 
^ - v the product’s range of application; and i 

( 6 ) Initiated contract studies to estimate capital and operating costs 
for various FPC processes and the potential markets in the United 
3S& Statesfor different forms of FPC. :?>-> '4 ^\‘ v V .Vr&'V- 

To supply industry with information on practicable FPC manufacturing 
methods which could use a large portion of our unused marine resources, 



approximately $2.2 million in fiscal year 1971. The program will continue to 
eek to provide knowledge for a sound and systematic transition from 
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laboratory research to an economical and acceptable food production system 
from fish harvest to consumption. 

International Interest in FPO processing is developing. Processing plants 
are operating in Sweden and planned for Canada. The French are develop- 
ing an enzyme process, and research FPC activities are being conducted in 
Brazil, Germany, Morocco, Pakistan, and Peru. During 1969, Swedish and 
U.S. sources sent FPO to Nigeria as a food additive in small scale experi- 
mental feeding programs. 

The Industry's Future 
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tv A healthy fishing industry can make a contribution to the economy and 

to providing needed food resources. Attaining a competitive fishing in- 
; dustry will require a multiple attack on the industry's problems involving 
’ ^ ‘ scientific research to improve understanding of the resources, exploration 

to ascertain quantities and location, technology for better harvesting and 
processing, uniform State, Federal and international guidelines for con- 
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nervation and management, improved marketing, and better management 
practices by the industry itself. \yArx\: % ■ ,/x 
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Chapter VII 

ADVANCSNG THE SEA GRANT PROGRAM 1 

During the coming decade, our ability to develop marine resources and 
wisely manage the marine environment will depend upr>n the availability of 
trained manpower, facilities, and equipment to conduct programs of creative 
research in die fields of marine science, engineering, and related disciplines. 
With a view to meeting these requirements, the Congress in October of 
1966 passed Public Law 89-688, the National Sea Grant College and Pro- 
gram Act of 1966 (app. B~3) . It was the intent of the Act to provide a broad 
and flexible mechanism with which to stimulate human endeavors in fields 
oriented toward: development and utilization of the physical, chemical, and 
biological resources of the marine environment ; legal, economic, medical, 
and sociological aspects of resource management, use, and conservation; 
oceanography in its broadest sense; and marine commerce and engineering. 

Statutory responsibility for administering the Sea Grant Program was given 
to the National Science Foundation and included ( 1 ) establishment of edu- 
cational and training programs at colleges and universities, marine institutes 
and other public and private agencies in the various fields of marine re- 
source development; (2) initiation and support of research programs in those 
fields, with particular emphasis on applied research; and (3) encourage- 
ment and sponsorship of marine-oriented extension and advisory services. 



The Structure of the Program v> 

s Provisions of the enabling legislation, which calls for Federal support of 
both "Sea Grant colleges” and "Sea Grant programs,” have resulted in the 
establishment by the National Science Foundation of two major operational 
v program elements: the "Institutional support program” and the "Project 
/. support program.”. ' c< • 

Sea Grant institutional support is provided to institutions which plan and 
,i operate broad-based, multidisciplinary marine resources programs that in* 
v elude research, education, and advisory services— and which draw on the 
j t talents of economists, sociologists, political scientists, lawyers and educators 
5 as well as natural scientists and engineers. The institutions selected are ex- 
pected to develop strong liaison with State and local governments and 
thereby provide leadership and scientific and technological resources for 
r . .\rine activities within their regions. £% 
If^aea Grant project support is available to qualified investigators for a 
] single, well-defined resea^h, study, design, education, advisory service, or 
training activity consistent with board Sea Grant objectives, and which in- 

: ****#*^i£ 

V>j ‘This chapter U in compliance with Public Law 89-688, sec, 205, which require! 

■ an annual report to the Congress by the Marine Sciences Council on its advisory 
activities and recommendations, as assigned under that section, with respect to Sea 
. Grant policies, procedures, and operations. v'-,y :> • 
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volves any of the natural or social sciences. While only major universities 
or combinations of universities qualify for institutional support under the 
Foundation’s criteria, any institution, laboratory, or public or private agency 
may qualify for project support The principal purpose of Sea Grant project 
support is to enlist specific competence wherever it is found, in inland insti- 
tutions as well as in those with access to salt water or the Great Lakes. 

A third program, the coherent project supjx>rt program, is a middle- 
ground hybrid of the other two. It is multidisciplinary in scope* composed 
of several subprojects directed to a common objective or related to a com- 
mon theme, and provides means for (1) encouraging institutions with a 
strong core of marine competence and growth potential to work toward Sea 
Grant institutional status; and (2) bringing into the Sea Grant Program in- 
stitutions with high quality but specialized competence which do not meet 
the criteria for institutional support. In the case of all three programs, Fed- 
eral support is limited to two-thirds of the total cost, and certain restrictions, 
especially on capital investment for ships and laboratories, are imposed. 



Program Planning and Policy Development 

To implement the Sea Grant Act at the working level, the National 
Science Foundation created an Office of Sea Grant Programs. Assisting this 
Office are two nongovernmental, technical advisory panels. Some 50 
specialists, representing a cross section of marine interests and institutions, 
participate in a Proposal Review Panel for Sea Grant Projects operating 
through task teams which review individual proposals. In addition, 12 
eminent representatives from academia and industry serve on the Sea Grant 
Institutional Support Panel and, by virtue of their broad competence, are 
called upon to provide genera! program guidance to the Foundation. 

Maximizing opportunities and benefits from a program as broad and as 
flexible as Sea Grant requires that it be sensitive and continually attuned 
to evolving national needs. This, in turn, requires the existence of explicit 
policies and operating guidelines for implementing and conducting the pro- 
gram. The Sea Grant Act provides for this by directing the Marine Sciences 
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tions — and, further, to submit an annual status report to the Congress. 
Under procedures agreed to by the Foundation and Council, policy state- 
ments and position papers are developed by the NSF and transmitted to the 
Council for review, advice and comment. The Council’s consultant panels 
and its Committee for Policy Review act as reviewing bodies, with the latter 
also serving as a mechanism for obtaining formal departmental and agency 
concurrences and advice. After agreement is reached between the Council 
and the Foundation, the final step before implementation is to solicit the ap- 
proval of the NSF's National Science Board. ' 

Since the beginning of the program, a number of provisional policies 

and 
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These cover, among others, criteria for determining institutional and 
project awards including geographic distribution and cost-sharing respon- 
sibilities of the grantees; program priorities; and the roles of industry and 
State and local governments. 

On the basis of 2 years of operating experience, the National Science 
Foundation staff has been able to evaluate the Sea Grant Program 1 * pro- 
visional policies and develop a coherent body of doctrine which was endorsed 
last November by the Marine Sciences Council** Committee for Policy 
Review. Elements of this include the following: * '■ r i *• *,'« , * •/*. r-$ /■ 

1. Support under the institutional and coherent project programs re- 
quires institutions to utilize a multidisciplinary approach in the conduct of 
funded activities which involve all appropriate disciplines and specialties. 

2. All Sea Grantees will be encouraged and aided to enlist the cooperation 
of all relevant institutions in the conduct of supported activities including 
business and industry, other educational or research institutions, Federal 
laboratories and offices, and State and local agencies. ‘ ‘ 

3. High priority will be given to support of research, education, and ad- 

visory services in areas of national priority as established by the Marine 
Sciences Council, with particular emphasis at this time on problems and 
opportunities of the coastal zone. _ t. • ' : c * ' , 

/ • ^ Participation by consortia of institutions will be encouraged where 
such consortia can make a greater contribution to Sea Grant objectives 
than a single institution in the same geographical area. * 4 * 

5. As a general rule, low priority will be assigned to research projects in 
marine resource fields where adequate coverage and financing from other 
sources exist (e.g., natural gas and petroleum exploration and recovery). 

Y* 6. With respect to education and training programs, Sea Grant emphasis 
will be placed on curriculum and course improvement and development for 
ocean engineers at the baccalaureate and graduate levels; on development 
of degree programs and course options in marine affairs for social scientists, 
lawyers, business administrators and managers at the graduate level; and 
on curriculum improvement and course development at the technician level. 

7. The Sea Grant Program will not support educational curriculum or 
course development in the basic natural or social sciences. ^4$} 

6* Education or training activities will not be supporud in a given institu- 
tion aifter they are self-sustaining or are included in the regular budget. 

9. Basic research will be supported in areas where such research is a 
requirement for the solution of a defined and pressing problem and where 
early application of results seems likely; research by social scientists will be 
encouraged, 

& IP*. “Open-ended” studies will not be funded; studies must be programed 
with milestones and terminal 

11. Involvement of industry will be encouraged, particularly through 
the development of industry-university consortia and joint work/study 
programs for engineering and technician students. ^ £■:/; 

^12. Support for advisory services, including nublicAtion^ seminary con- 







priate form of information dissemination is included within both institutional 
and project grants. 

13. Criteria for support of baccalaureate ocean engineering and marine 
technician associate degree programs include the ability of the proposing 
institution to demonstrate a reasonable expectancy of placing qualified grad- 
uates in jobs through correspondence with potential employers. 

14. In a given fiscal year, funding preference will be accorded ongoing 
institutional and coherent project grants when evaluated against new pro- 
posals of approximately equal value. 

15. Cooperative research projects between American institutions and 
those in a neighboring country related to common resources, common waters, 
or common problems can qualify for Sea Grant support. 



Program Growth and Accomplishment* 




Sea Grant funding has grown steadily from $5 million in fiscal year 1968, 
the first full year of operation, to $9.6 million in fiscal year 1970; and the 
President** budget request for the coming year includes $13 million. Dur- 
ing the last fiscal year, $5,991,000 was awarded by the Foundation as shown 
in the following table: V/,7y;V v, /• .. ; 



Tablt Vll-l— NSF Sea Grant Program Awards, Fiscal Year 1*69 



■ Category of frant sy.i 


Number 


Amount 


Institutional support l . 




$4, 327, 100 


Project support: '■ ^ ? 7 ? V'/ 


..•<! - ' '• 


878,500 


Coherent projects *. 


...... '*v. 5 : 


777 Education and training. .1 


-v 5 


. 361,600 


iv. Applied research 


e 7.. 


377,000 


7' Planning . . 

V; ; jR# • ■ v . <„ r’. - 


5 


46,800 


; i 7 if Total. ./..... . . . — 


77 28 7 


5,991,000 



7 i Includes 6 renewals. ’* ’• -v- *7 7. •• ••• • '■ 

> Maltldlaclplinary projects; Includes 2 renewals. -v : , 

To date, the Office of Sea Grant Programs has supported 57 project 
r 77 f grants and eight institutional programs. A compilation of activities underway 
as of September 1969 is presented in appendix E. Sea Grant institutional sup- 
port programs were begun in fiscal year 1968 at the Universities of Wash- 
ington, Rhode Island, Hawaii, Wisconsin, Oregon State and Texas A&M; 
. 7 t these were joined in fiscal year 1969 by programs at the Universities of Mich- 
VX7- igan and Miami. Coherent project support is being received by Humboldt 
State College, Scripps Institution, Stevenson Institution, University of 
Delaware, Louisiana State University, and the Virginia Institute of Marine 
Sciences. In addition, planning grants to assist in developing the capabilities 
7 necessary to qualify for institutional support have been made to a consortium 
of institutions in North Carolina and to Florida State University. 



• Practical benefits from research are normally not expected for some years 
after program initiation, and this is of course true for Sea Grant-sponsored 
work. However, several of the activities funded to.d^te have already pro- 
• 7 duced results which hold promise of an early return on investment: ^ 
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1. In early 1968, Investigator! at NicholU State College, Louisiana, at- 
tempted management of shrimp stocks in marsh impoundments. One of two 
ponds was used in its natural state. In the second, most predators were 
destroyed before introduction of the shrimp larvae, while blue crabs — a mar- 
ketable predator — were trapped during the shrimp growth period. The man- 
aged pond ultimately produced about three times the weight of shrimp 
produced in the unmanagtd pond, thereby demonstrating a promising tech- 
nique for Increasing the offshore shrimp fishery and for shrimp aquaculture. 
A commercial firm already is taking advantage of this research. 

2. Building on earlier studies, investigators at the University of Wisconsin 
located deposits of manganese pellets in Green Bay which are similar to 
deep sea manganese nodules. This discovery may have economic significance, 
and research on the abundance, metal content, and refining of the pellets is in 
progress, 

3. The Hawaiian tuna fishery, which still uses traditional methods of 

chumming with live bait, has suffered because the bait fish — a species of 
anchovy — cannot survive for more than 3 days in ship bait wells. How- 
ever, the University of Hawaii's Institute of Marine Biology has now 
developed methods of extending the storage life of bait fish up to 10 days, 
and is experimenting with other local species in an attempt to find a hardier 
alternative bait. >> -.. ;i : * -i . ?•. v-;.v. 

4. With available land stocks of sand and gravel being depleted or made 
inaccessible by construction and zoning, the seas and lakes are being 
turned to increasingly as a primary source of aggregate materials. University 
of Rochester scientists have located such deposits in Lake Ontario and com- 
mercial firms have applied for recovery permits. 

v The Sea Grant institutional support program, based on a multi-disciplinary 
team approach to problem solving, made substantial gains during 1969. 
At the University of Washington, economists, political scientists, and lawyer! 
are cooperating with physical, chemical, and biological oceanographers in 
a comprehensive study of all major aspects of an embayment within Puget 
Sound to determine how it may best be developed for human use while 
maintaining the quality of the environment and its living resources. Texas 
A&M University has begun a series of workshops to stimulate industrial, 
academic, and State activity in marine resource development. Members 
of the Governor's staff have joined as cosponsors. Attendance has been 
excellent, and the discussions spirited and practical. 

1 1 Education and training continue to be advanced by Sea Grant institutional 
programs. At the graduate level, most Sea Grant institutions developed new 
courses to expand the marine-related options available to students, including 
those majoring in the liberal arts and social sciences. The University of Rhode 
Island instituted the Nation's first graduate program in marine affairs spe- 
cifically designed for cross-disciplinary orientation of social scientists, inter- 
national specialists, and administrators Five schools developed a unified 
training plan for marine technicians under the University of Washington 
Sea Grant, with each specializing in the training of a particular type of 
marine technician. Texas A&M University, Oregon State, and the University 
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Marini extension agents from Oregon State University discuss an albacore bulletin 
with a tuna fisherman as part of Albacore Central, a project conducted with Sea 
Grant Institution support to gather and disseminate information to assist the Pacific 
albacore tuna fleet identify rich fishing grounds, 

grams with 2-year technical institutions and junior and community colleges 
participating as partners. V-vr-.- , > x v" ■ 

In addition, advisory services to communicate results of scientific and 
engineering research to prospective users have been expanded. In most in- 
stances it has first proved necessary to institute training programs for exten- 
sion agents before beginning information dissemination. However, Oregon 
State University, building on an existing agricultural extension service, was 
able almost immediately to carry out comprehensive marine advisory 
activities. At the University of Rhode Island, the regional marine informa- 






I tlon service was reorganized as the New England Marine Resources Informa* 
tion Program which now is operating to encourage and strengthen marine 
activities and industries in a six-State region. Under the Texas A&M Sea 
Grant, university extension advisory specialists are assisting shrimp fisher* 
f man by conducting courses to demonstrate new methods and technology such 
as the use of electric trawls. 

"fy Sea Grant project support activities in fiscal year 1969 included the addi- 
tion of a new education program in ocean engineering and four programs 
to train technicians. Engineers at the Massachusetts Institute of Technology 
^ developed course materials in ocean engineering, iresulting in a series of 
published notes on such subjects as ocean engineering structures; stability 
and motion control of ocean vehicles; and water, air, and interface vehicles. 
At Florida Atlantic University, undergraduates in ocean engineering alter* 
•?. V : Y; nated 6 months of academic work with 6 months of employment by co- 
operating ocean industries. Students at Cape Fear Technical Institute work- 
ing aboard the institute's training ship participated in Project BOMEX. 
Among the individual Sea Grant projects sponsored last year were the de- 
termination of the fishery potential of the California spiny lobster; eco- 
nomic feasibility of a submerged buoyant pipeline for transporting natural 
gas through a deep ocean area; design of a high efficiency convective heat 
transfer system for deep submergence applications; and management and 
utilization of estuarine resources. • " • £*' • • : >: •*/ r • 

>1 i ¥ Awards of coherent project support were granted to the Virginia Institute 
of Marine Science, the University of California at Santa Barbara, and 
Humboldt State College, California, for broadly based research programs 
I related to marine problems in their regions. Other grants were made to the 
Dade County, Fla., Board of Public Instruction and the Washington Tech- 
Institute for development of educational and training opportunities for 
£&$ underprivileged youths. l 

Next Few Year* 

H Looking to the near future, plans for Sea Grant include strengthening 
X i: existing mechanisms for the selection and review of projects and institutions, 
expanding the number of awards, and improving the dissemination of in- 



will be given to establishing new graduate education programs for ocean 
engineers and, oh an experimental basis, for business administration and 



m marine-related fields. , 

ESSA and NSF will continue to assess the feasibility of establishing a co« 
or Jinated program of data and information services, comparable to ESSA’s 
State Climatologist Program, in order to maximize the effectiveness and t i 






an oceanographer-meiteorologist at the University of Rhode Island to en- . 
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on sea-air interaction. 



Through its accomplishments to date and those foreseen in the coming • 
die Sea Grant Program is rapidly beaming the cornerstone of a vig- ]$. 
orous partnership of Government and the private sector which is mobilizing J 
. new resources, technioues. and talent in suDDort of national marine science 



ERjt 



Chapter VIII 

ADVANCING MAN-IN-THE-SEA 



New advances in undersea technology, engineering and biomedicine con- 
tinue to expand the third dimension of man’s activities in the ocean. Where 
in the past our knowledge of the seas was limited to surface-based observa- 
tions, today we are taking steps to develop knowledge, technology, and 
equipment to enable man to live and work usefully on the ocean floor for 
extended periods. These advances result from new developments in saturation 
diving and manned bottom habitats which free the diver from the restric- 
tions of diving helmets, diving bells, and air compressors and allow him to 
live and work below the surface unrestricted by surface weather effects and 
the physiological problems of pressure change. Because these developments 
open new opportunities for use of the ocean, Government, industry and uni- 
versities are seeking individually and in concert to advance U.S. man-in-thc- 
sea programs. rv . • 

With new technology And automation why is man needed at all undersea? 
The answer lies in the benefits his presence provides: advantages in his 
maneuverability, compactness, cgility, and flexibility; in his manipulative 
skills and dexterity, visual perception, onsite observation; and chiefly, in his 
integrative and decision-making ability. The fact that these advantages con- 
stitute real benefits in part accounts for the rapid and continuing expansion 
of diving today. ‘‘ ’ 

Mounting Interest tnd Activity 

Each year Increasing public and private investment is devoted to manned 
diving operations, with the present total figure estimated at approximately 
I486 million annually. Estimated current annual U.S. expenditures in July 
1969 on man-ln-the-sea are contained In table VIII—!. The Nation’s industry 
is increasingly using diving operations, particularly the oil Industry which 
employs divers to install, monitor, maintain, and repair offshore oil installa- 
tions. Other commercial diving operations include conservation, construction, 
salvage and safety. Man-in-theUea observations contribute to fish habit 
Investigation programs, study and control of fishing gear, and the develop- 
ment of new fishing concept*. s-'.ifr}.,-, wv*-- *; v-.v 'M ■ 

A A number of commercial firms have significant interests in diving. A 
recent survey of some of the leading U.S. firms with significant investments 
in diving identified 12 diving companies, 24 diving equipment supply 
services, four recreational diving concerns, five diving equipment fabrka- 
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tors, 26 marketing firms for diving instruments and hardware and eight 
diving consultant firms. 

The total number of commercial divers in the United States, including 
those who work part time was estimated in 1968 to be about 1,500, divided 
as indicated in table VIII-2. 



Table VI 1 1-1— Estimates ot Current Total Annual U.$. Expenditure* on 

Man-fn-the*Sea 



[In million* of dollar*] 

1. Science (let* than). 

2. Defense: 

Diving training 

Dim equipment 

Man-ln-ihe-iea 

Diving operation* (approximately) 

3. Commercial (approximately) * 

4. Recreation: 

Personal expenditures 1 

Diving equipment 

Auxiliary equipment — 



0.5 



4.5 

6.8 

7.1 

25.0 

45.0 

350.0 

22.5 

25.0 



Total (approximate) 486.4 

t Bn tl mated on the b&il* of 1 J mUUoi divert, 10 dive* etc* year, at co«t of txtweea $*0 
and $35 per dive. 

Son ret : Derived from *Uf reeearcfc, Rational Connell on Marti* Retonrce* and Bo*i- 
neeritg Derek*** eat, inly I0S9« t 

In minerals exploitation, divers make possible visual survey, maintenance 
and repair, evaluation of deposits, placement of drills and cores and Inspec- 
tion of underwater construction In the near future it is anticipated that 
they will help to monitor, control and correct beach erosion and pollution- 
observing solid accumulations, determining emplaced structure effectiveness 
and operating dredges. They will assist underwater construction, tunneling, 
harbor development, installation of sewer outfalls, and aids to navigation. 
They will permit greater recovery In salvage activities and disasters at tea. 

Table VIII-2— C#mm*relil Dim* In tha Untied State* 



Local!** H* mUt 



East cotiU..*— . 

florid* 

LculsUaa«Tex*i 1 

CaKfoniU 1 

Alaska 



150 

too 

1,000 

250 

60 




Total 



. 1,560 



i ttato* t* saxuacr 
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Min-lrt-the-»ea technique* open new door* to the identitt With aqua- 
lung* and iong-duraticn nibmerted labor* torte* equipped with lockout 
- v tubmen&le* he an make onriteobeeivatlon* of marine ecology, Miveyi for 
geological map*, aquaculture, archeology, ttudie* of human adaptability 
and a wide range of tpedfic adenttfie InveiUgadoM In marine biology. At 




Recreational living it fait becoming a mtjer marine activity. Approximately 2 million 
stub* divert ate active, with between SOfiOO end lOOfiOO new divert beginning tech 
year; efforts to provide adequate diver tafety ttandardi are increasingly important. 



Scrippi Institution of Oceanography alone, there are more than 100 
qualified divert carrying out 4,000 to 5,000 dives each year. 

Recreational diving is increasing rapidly. About 2 million active scuba 
divert in the United'Slates invett $40 to $50 million annually in equipment 
and considerably more in the sport itself. Bach year between 50,0<W and 
100,000 people begin scuba diving. There are 1,800 diving clubs and national 
societies in the Nation with an average of 20 active members per club. The 
great majority of recreational scuba divert are not affiliated with dubs. 

Growing Interest and activity in the private sector of the United States has 
been reflected in programs of Federal agencies. The Department of the 
Interior has a growing need for man-in-the-sea capabilities for fisheries 
research, marine geology studies, environmental quality and pollution 
control Investigations and recreation. The Coast Guard has an increas- 
ingly important role to play in its marine safety program and search and 
rescue activities. The National Aeronautics ami Space Administration is 
interested in learning about group behavior and effectiveness in small habi- 
tats and hostile environments. The Department of Health, Education, and 
Welfare has interest in the biomedical aspects of underseas activities from 
both research and clinical viewpoints. 

Defense requirements for diving systems capability have increased. They 
involve submarine rescue, salvage and object recovery, Continental Shelf 
construction programs, amphibious and mine warfare and harbor defense. 
The total number of trained divers in the Navy is about 3,000; more are 
needed. Navy programs related to man-ln-the-sea activities are discussed 
additionally in chapter XI I. , - 

Increased diving activity and Interest has not been confined to the United 
States. One of the most active and advanced programs is that of France. 
Now incorporated into the operations of France's National Center for the 
Exploitation of the Oceans (CNBXO), the French program calls for con- 
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(traction of large hyperbaric chamber facilities for research, development 
and training, and use by Government, university and industry. The suc- 
cessful French series of Conshelf experiments has placed aquanauts at a 
depth of 330 feet for 21 days; these experiments are continuing and a mobile 
habitat is under construction. 

The Soviet manned-diver habitat program began in 1965; to date some 
seven structures have been placed in shallow water. The German Govern- 
ment experimented with a new bottom habitat to conduct biological 
studies last summer off the island of Heligoland in the North Sea. The British 
and Germans are constructing shallow water habitats; the Canadians have 
begun tests in a habitat at SO feet in Lake Brie, and the Czechs, Bulgarians, 
Poles, East Germans and Cubans have all experimented with modest habitats 
in shallow water. 



Developing Advanced Diving Techniques 

Advances in diving techniques over the past two decades have freed divers 
from the restrictions of tethers and have increased working depths. This is 
largely the result of the self-contained underwater breathing apparatus 
(scuba) and die use of helium and oxygen breathing atmospheres. Advances 
in saturation diving and employment of habitats provide a pressurized at- 
mosphere at working depths. And, hatch access to and from the habitat 
permits divvt to live and work in comparative comfort and safety without 
the need for tepeated decompressions. 

One of these techniques is the development of submersible! with lockout 
capabilities which permit delivery of a diver to a rite of interest where 
he can sortie into the ocean environment when and If desired. At present 
three commercial submersible* possess lockout capability— the Detp Divtr , 
the Roughnttk, and the Sfulf Divtr. The submersible Btn Franklin, which 
this year completed a 1,500-mile Gulf Stream drift, described In chapter IX, 
will reedve lockout modificAtioflS. 

Another technique being used to provide extended work time at depth 
involves the use of saturated diving techniques, but without the support- 
ing facility of an underwater habitat In this operation, divers remain pres- 
surised to their working depths for long periods and decompress only after 
completing multlple-dlve objectives. They are raised and lowered from the 
surface In a pressurised personnel transfer capsule, and while on the surface 
are housed in a compression chamber at working depth pressure. Com- 
mercial systems exist, for example, such as that used by Industry for suc- 
cessful ou rig salvage In the Gulf of Mexico. By 1972, the Navy will have 
three systems In use. 

The advanced diving techniques were envisaged by the Navy In 1957, 
and Incorporated in a formal program under the title "Man in the Sea" 

In 1961. .The program has Included two Sealah experiments which placed . 
two habitats at 200 feet, with aquanauts living for about 2 weeks at am- 
bient pressure. Presently, Sealab 111 is designed to extend the capability 
to 050 feet Structured In four phases, the program will use a habitat In 
one phase to continue development of deep submergence capabilities to 
meet defense needs. . 

10ft 



Projects TefctK* I and II 

While one Sealab diver remained underwater for 45 diys, the Nation’* 
longest duration man-in-the-sea experiment was Project Tekdte I. A joint 
project, Tekdte was n .an aged by the Navy with Department of the Interior, 
NASA and industrial support at a cost of $4.5 million. Tekdte I placed 
four Department of the Interior marine scientists on the ocean bottom at 
a depth of 50 feet for a record-breaking 60-day period. The project took 
place at Lameshur Bay, off St. John Island, in the Virgin Islands Nadonal 
Park during February, March, and April 1969. 

The white Tekdte habitat consists of two cylindrical steel tanks 18 feet 
high containing two rooms each. The tanks are connected by a crawl-way 
and mounted on a rectangular base structure which is anchored to the ocean 
floor. An umbilical connection of hoses and cables for fresh water, air, 
electric power, and communications links the habitat to a surface-support 
barge. 

The project’s major objecdve was to demonstrate the ability of scientists 
to perform research under saturation diving condition? for extended periods. 
This objecdve was achieved and the resulting data on man’s behavior, 
efficiency, and biomedical response* in confined and isolated conditions will 
be useful for continuing experiments in man-in-the-sea. Tekdte I proved 
that man can remain in good physical and physiological health working 
for prolonged periods underwater. ' 4 

It also demonstrated the vahie of studying the ocean environment while 
living in it. The Tekdte scientists conducted a variety of observations and 
experiments on reef geology and marine life The bottom sediment studies 
may assist in the search for oceanic minerals. Investigations of lobster ecology, 
plankton studies and other biological studies may prove important to 
fish farming and aquaculture A research project was undertaken on the spiny 

lobster, whose population has declined recently* < 
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Teklite I was intended to establish guidance for future submerged labora- 
tory projects. It established baselines for prolonged exposure at 50 feet for 
2 months and set the stage for deeper dives of longer duration. Plans have 
been announced for a follow-on project, Tektite If, in the spring of 1970. 
Led by the Department of the Interior, a number of Federal agencies, 
universities, and the Government of the Virgin Islands will take part in the 
project. In this experiment the Teklite habitat will be resubmerged at 
the same depth and location for 7 months. During this period approximately 
62 marine scientists and engineers, including some from other countries, will 
work in small teams for 2- to 4-week periods underwater. Direct costs of 
Tektite II for fiscal years 1970 and 1971 are estimated at $1.1 million. 

Tektite II experiments will be conducted at greater depths and for longer 
durations than its predecessor project. The Tektite habitat will be augmented 
by a smaller, two-man dwelling anchored nearby at a depth of 100 feet. 



Solving Crucial Problem* 

The problems of living and working beneath the ocean’s suiface are 
formidable; they are primarily the biomedical problems related to survival 
and technological problems associated with the design and operation of 
facilities for working underwater. 

The biomedical problems stem directly from the wet, cold, dark and high 
pressure environment. The severe and potentially disabling or lethal physio- 
logical changes which occur during diving have prompted the search for 
practical solutions and are the stimulus for much of the baric research. Per- 
haps the most significant of these problems today is decompression sickness, 
caused by the release of gas from the tissues, in which gas has dissolved at 
the hyperbaric pressure of the dive. This release happens if ascent occurs 
more quickly tfian the rates at which gas will leave all body tissues and 
remain in solution. Practically, the decompression time of many days re- 
quired for dives to 1,000 feet severely limits the economic value of diving to 
such depths. ' -V • V> 

Other severe diving problems are oxygen toxicity, carbon dioxide buildup 
in the lungs, inert gat narcosis and work limitation caused by increased gas 
density. Gold water chilling may be severe. Visibility and orientation may be 
poor m murky water. Speech becomes unintelligible when divert breathe 
helium/oxygen gas mixtures at high pressure. Failures of equipment or other 
emergencies can be fatal. Long-term problems relate to composition and 
palatabihty of food, psychological effects during isolation, and crowding in 
small speck 
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Current knowledge and re^areh In many of these areas is still limited. 
In the past 3 or 4 years, there has been a more rapid growth in the study of 
underwater physiology and medicine and of man-in-the-sea development as 
a whole. Most of the support and effort in this field has come and continues 
to come from the Navy. In addition to the Navy's program, focal points of 



biomedical research have been at productive undersea research centers at 
the University of Pennsylvania at Philadelphia and at the State University of 
New York at Buffalo. The hyperbaric center at Duke University is the site of 
joint and continuing Duke-U.S. Navy saturated diving experiments. 

Other research centers have been established as follows: a hyperbaric 
facility at the Virginia Mason Research Center, Seattle, Wash.; the Wrights- 
ville Marine Biological Laboratory, Wrightsville Beach, N.C.; and the 
Marine Biomedical Institute at Galveston, Tex. The Undersea Medical 
Society was formed in 1967 and is now active with over 450 members. 

The main focus of the Navy’s effort in the biomedical area is in its ocean 
engineering programs. It consists of efforts in the man-ln-the-sea project and 
the biomedical programs of the Bureau of Medicine and Surgery and the 
Office of Naval Research. 

The biomedical and life science programs are directed toward main- 
taining the diver as an effective functional unit in the stressful environment 
of modem naval operations. Experimental dives in chambers and at sea 
have been made beyond the 1, 000-foot level. It appears that divert will be 
able to perform useful work at depths of 1,000 feet and somewhat beyond 
provided the technology and diving equipment are sufficiently developed 
to maintain them for the long durations required for compression and decom- 
pression and so long as improvements are made in communications, thermal 
balance, guidance, and navigation. Diving much deeper than 1,200 feet 
will certainly be. achieved, but the depth and rate will depend upon the 
support available for needed baric and applied technological and biomedical 
research. One possible solution — though a radical one — may be liquid 
breathing. 

The principal laboratories participating in the program are the Nava) 
Medical Research Institute, the Navy Submarine Medical Research Labora- 
tory and the Experimental Diving Unit. The Navy Medical Research Insti- 
tute program is devoted to undersea biomedical research and in ves tigs dons 
of decompression richness, inert and other gas physiology, hyperbark, bio- 
chemistry, thermal problems, microbiology and toxicology, psychology, and 
biophysics. . 

The Submarine Medical Research Laboratory is investigating submarine 
escape, diving physiology, crew selection and performance and Wring and 
vision. The Experimental Diving Unit tests both new diving techniques and 
equipment, and provides decompression chambers with a 1,000-foot wet 
and dry depth capability. 

: In the civil sector of the man-in-the sea program, the University of Penn- 
sylvania Institute of Environmental Medicine has conducted many of the 
studies on which current knowledge of the physiology of diving is based. 
It has also trained naval scientists engaged in undersea medical research. 
The State University of New York has been the leader in unraveling the 
fundamental mechanisms of respiration In the hyperbaric environment 
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- In the past, advances in physiological knowledge a.id technological de- 
velopment have often alternated in allowing man to go further and deeper 
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into the sea. Today, diving performance at depth is partly limited by the 
lack of advanced diving equipment, including life support systems. 

In the Navy, such research and development is carried out under the 
ocean engineering program, and includes the development of equipment 
for navigation, communications and control, swimmer and diver support, 
and life support and protection and life support equipment. Total expendi- 
tures under this program were $4.5 million in fiscal year 1967, $4.0 million 
in fiscal year 1968, and $6.8 million in fiscal year 1969. The majority of the 
Navy diver support development work is carried out at three laboratories: 
The Naval Ship Research and Development Laboratory at Panama City, 
Fla., which emphasizes man-machine relationship, diver guidance and navi- 
gation, underwater transportation systems and techniques for improve- 
ment of underwater vision; the Navy Undersea Research and Development 
Center, San Diego, which concentrates on communication equipment and 
onsite testing of saturated diving systems; and the Naval Civil Engineering 
Laboratory, Port Hueneme, f which develops diver tools and construction 
equipment. / 

The simulation of the undersea environment is carried out in hyperbaric 
chambers, some of which are large complexes costing millions of dollars. 
Hyperbaric chambers are used for clinical medical studies, physiological re- 
search, operations and equipment experiments, and for operational military 
and industrial purposes. 

In the industrial field, larger chambers are used for training, for research 
and for equipment development. Smaller chambers, used for training and 
treatment of stricken divers, number over 100. A listing of hyperbaric 
facilities and locations is given in appendix F. 

The Navy plans to construct three hyperbaric chambers with dry and 
wet capability and 2,000-foot operation depths. Construction will begin 
on the facility at the Navy Submarine Medical Center in fiscal year 1971. 
Construction has already begun on a large unit at the Naval Ship Research 
and Development Laboratory, Panama City, Fla., for equipment develop- 
ment and testing and man machine studies. The third unit b planned for 
use by the Naval Medical Research Institute, Bethesda, Md. 

Growing Problem* of Diver Safety 




>0 

■ ■ . < £ ’- * f f 1 

, V'V‘ -- 
■■ 

: 

\ "i j -" :* 




At the number of divert Increases end their diving depth* go deeper, 
the need for better safety measure* also grow*. Sealab 111 was delayed 
early In 1969 because of a diver fatality, one of the regrettable price* of 
progress in pioneering a hostile environment Given the harsh condition* 
under which commercial diver* operate it It not surprising that the incidence 
of death and tkknets is high. Mortality figure* among commercial divr.i 
are estimated at between five and 50 each year. High insurance rates— as 
high at $50 for every $100 of pay earned— reflect this problem. The Marine 
Technology Society is seeking to develop in association with the United 
States of America Standards Institute minimum standards for commercial 
diving. Hopefully, effective standards will be accepted and Implemented by 



industry. 
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The safety problem among amateur divers is becoming more serious. This 
is particularly so because of the great growth in the number of amateur divers. 
From an estimated 2 million amateur divers in 1970 the numbers are ex- 
pected to rise to 5 million in 5 years and to 10 million by the end of the 
decade. Many of these divers will soon be attracted to complex saturated 
diving at greater depths. In 1965, the Public Health Service recorded only 
86 deaths among skin and scuba divers, most due to overextended sub- 
mersion and panic. While mortality figures for later years have not been 
reported they are believed to be higher. In 1967, for instance, the Navy 
treated 21 civilians and 46 military personnel in its decompression chambers. 
Such figures indicate a need for greater concern about diving safety. 

Heightening this concern is the variability of standards in training and 
equipment use and maintenance. No uniform national standards exist for 
levels of scuba proficiency among divers or instructors, except for those set 
by various organizations such as the National Association of Underwater 
Instructors, YMCA, Boy Scouts of America, several Government laboratories, 
institutes, and universities. The city of Los Angeles has found it necessary 
to adopt and enforce regulations locally. 

The Coast Guard is concerned with such problems because of its respon- 
sibility for safety of life and property at sea. The Coast Guard is participating 
in the American National Standards Institute’s work in developing minimum 
standards for diving safety. The Council for National Cooperation in 
Aquatics is sponsoring an American National Standards Institute project to 
develop minimum standards for recreational diving. Adherence would be 
voluntary. In light of the growing number of divers, efforts to proside ade- 
quate safety standards must be pursued diligently. ; 



A Sound Natters*! Program 



While much progress has been made in man-ln-the-sea activities in* 
recent years, additional steps may be needed to — 

(1) Expand exploratory oceanographic studies to assess the value 

of free diving and mobile and fixed habitats; . 

(2) Create improved safety measures, especially for recreational 

diving; * 

(3) Strengthen the long-range biomedical program; 

(4) Develop a coordinated program to advance technology ; 

(3) Encourage support for education and training of technicians, 
divers, scientists, engineers and medical doctors in man-ln-the-sea 
activities; ” 



(6) Coordinate Institutional and group man-ln-the-sea activities; 

: (?) Foster cooperation and communication, nationally and Inter* 
nationally, for man-in-thc-aea activities; and < * 
i (8) • Conduct long rtnge research to evaluate the effects of man on 
the ocean’s ecology and resources. 



I 



o 

ERIC 




Chapter IX 



SURVEYING AND PREDICTING THE 
GCEAN ENVIRONMENT ' 
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•;i In practical daily applications of oceanic knowledge, no single factor is 
more important than a solid foundation of data. The assessment and re- 
covery of both living and nonliving resources can proceed effectively only 
when there are adequate base maps from which to work. More efficient 
sea transportation vitally depends upon portfolios of accurate nautical charts 
and publications for the open ocean as well as coastal ports and waterways. 
Efforts to halt pollution and improve the utilization of the coastal zone must 
start from these factual baselines. International, oceanic, legal, and political 
questions often require facts available only from precise r tps and accurate 
marine data if they are to be answered. ’ ’• # *. •; 

In addition to acquiring this comprehensive body of data, It is eveh more 
important that the United States be able to extrapolate from the knowledge 
gained— to forecast oceanic phenomena in the future and to predict reliably 
what conditions will be in areas as yet unexplored. It it particularly important 
that the Nation Improve its capability to predict change! in those factors 
which are time dependent A fisherman may be mildly interested in the past 
history of the Gulf Stream, but he Is deeply concerned with where its north- 
ern edge will be tomorrow, when he will be looking for the fish which 
concentrate at that boundary. A naval staff can base its genera] plans for 
wartime convoys on historical data, but the sonar operator on a destroyer 
must know what the acoustic conditions will be in hi* local area during the 
next few hours. 



The acquisition of information for the data base, its handling and presenta- 
tion, and its conversion into forecasts of future events, cannot proceed 
Independently. Research and development to Improve acquisition techniques, 
methods of data handling, and predictive ability are dependent upon a fuller 
understanding of oceanic processes. The development team must Include 
surveyors, forecasters, and researchers working together to provide present 
and potential users with these critically important building blocks. % > . 4 
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•-fc Many features Of the ocean, fortunately, vary to slowly that surveys can 
be conducted and prepared whkh will be valid for many years. While 
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Table IX-1 — Potential Users of Ocean Environment Survey Data 



Potential users of survey data 
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much progress has been made in the areas covered by basic surveys, there are 
stil! large sections of the ocean of which we know only the gross features. 
Field acquisition of data has been concentrated in those areas of primary 
concern— the coastal zone, major trade routes, potential naval operating 
locations, and sites of intense research interest. In terms of bathymetric 
information, less than one-fifth of the ocean bottom has been surveyed in 
detail; for most other oceanographic factors, the state of knowledge is even 
more sketchy. As a result, the basic maps for economic development, national 
defense, and scientific research are often inadequate. 

Mapping, charting, and geodesy account for approximately 13 percent 
of the marine sciences budget for fiscal year 1971 (table IX-2) . Many agen- 
cies conduct inission-criented surveys, with Navy and the Department of 
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Commerces Environmental Science Services Administration (ESSA) pro* 
viding most of the general purpose charts. During the past year, ESSA was 
assigned lead agency responsibility for mapping, charting, geodesy, and data 
storage. 



Table IX-2— Funding for Mapping, Charting, and Geodesy 



[In mil lions of dollars) 



Agency 


Estimated 
fiscal year 
1060 


Estimated 
fiscal year 
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budget 
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Total 
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i Charting of the Great Lakes. 



1 




Hurricane Camille's trail of devastation along Mississippi's Gulf Coast left many 
marks such as this beached shrimp trawler. 
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The research programs supported by the National Science Foundation l 
and the Navy at institutions and universities produce quantities of data 
which are often useful in the production of charts and atlases. Those sur- 
veys which arc particularly oriented to defense systems, resource develop- 
ment, and other end-uses are described in detail in other chapters of this 
report. Of the multipurpose surveys undertaken during 1969, the following 
were of major interest: 

1. ESSA continued its surveys of the U.S. coast and the deep ocean, con- 
centrating its efforts off New England, North and South Carolina, Puerto 
Rico, Washington, Alaska, and the Hawaiian Islands. Special attention was 
given to inshore hydrographic investigations along the Atlantic and Culf 
coasts, where demands for small-craft charts are rapidly growing. Because 
of extensive changes in the marine topography and possible navigational 
hazards resulting from hurricane Camille, selected areas of the Gulf coast 
were resurveyed and recharted. The SEAMAP project involving acquisition 
of bathymetric and geophysical data continued in the northeast Pacific. 

2. ESSA published seven new nautical charts and issued 487 corrected 
editions. In consultation with the Department of Defense, FiSSA released 
several previously classified Alaskan charts for public use. A bathymetric 
map, with two geophysical overlays, was published for Norton Sound, and 
two other bathymetric maps were published for the California-Orcgon coast. 
Bath, metric maps are also being prepared for parts of the Gulf of Maine 
and off-shore regions along the North Carolina coast. 

3. Instrumentation to measure waves in the tsunami spectrum in the open 
ocean was developed and tested by ESSA. 

4. The Bureau of Commercial Fisheries continued its extensive surveys and 
monitoring of oceanographic conditions, concentrating its work on the East- 
ern Bering Sea, Aleutian Island area, Gulf of Alaska, Hawaiian Islands 
area, Eastern Pacific Ocean, the Caribbean Ocean, and the areas off Florida 
and the New England coasts. 

5. The Bureau of Commercial Fisheries published an oceanographic atlas 
of the Pacific Ocean. Summarizing 50 years of work, it is based on 50,000 
oceanographic stations and 3 million individual observations. Because of 
fisheiy implications, it is primarily concerned with the uppermost mile 
of water. 

6. The Navy produced 110 new charts for general navigation, 67 special 
charts for surface fleet and submarine use, over 700 corrected charts, and 
numerous accessory publications. Of particular note is the Navy's production 
of 87 new charts based on surveys and charts made by other countries, the 
materials for which were acquired through the bilateral chart reproduction 
exchange program. 

7. The Navy conducted a major survey of the Pacific Trust Territories at 
Palau, Ulithi, Truk, and Ponape, along with other investigations in the 
Western Pacific and the Hawaiian Islands. The first third of a 3-year coastal 
survey of South Korea was also carried out. Deep-ocean bathymetric and 
geophysical surveys were conducted in the North Atlantic, Western Pacific, 
and off both coasts of the United States collecting almost 500,000 miles of 
bathymetry and geophysical data. 
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8. The Navy’s university research efTort included development of a ship- 
board vibrating-string gravimeter which is easily transportable, economical, 
and more accurate in heavy seas than present equipment. A small ancillary 
computer processes and displays data on the spot. 

9. Navy and ESSA tested new high-speed hydrographic sounding launches 
with automatic digital positioning and depth recording systems. The Navy 
transmitted multicolored navigational charts by high-resolution facsimile 
through a satellite-linked communications network. 

10. The Coast Guard continued its program of outfitting its cutters to make 
them fully suitable as survey platforms. Salinity-temperaturc-depth record- 
ing systems arc being installed, and the majority of the ships now have 
hydrographic winches. Data collection continued both for specific projects 
and as a routine task assigned to Coast Guard cutters. 



Gulf Stream Drift Mission 

Of the many ocean operations conducted during 1969, one — the Gulf 
Stream drift of the submersible Ben Franklin — was of particular note be- 
cause of its novel approach to a complex problem and its collaborative 
achievement involving government, industry and academic participants. 

On July 14, 1969, the manned submersible Ben Franklin submerged into 
the Gulf Stream off West Palm Beach, Fla. For 30 days she drifted iin- 




The Ben Franklin is seen undergoing sea trials prior to her unique month-long sub- 
merged drift in the Gulf Stream from Florida to Canada . 




mersed in the Gulf Stream, finally to surface south of Nova Scotia. The 
submersible is owned by Grumman Aircraft Corp. ; the c/’pcriition was 
carried out in cooperation with the Navy and NASA. Not only was the 
project an industry-government partnership, it was also international in 
flavor; in addition to the embarked U.S. personnel, the chief scientist was 
Swiss, and the acoustician British. 

The primary purpose of the drift mission was to demonstrate the Ben 
Franklin's ability to operate and sustain the crew of six for a long period, 
and to conduct oceanographic observations submerged for extended times. 
The Navy’s prime interest was in the instrumentation suite, while NASA’s 
interest stemmed from the similarity of the craft to a space station with 
the resulting opportunity to study the effects of the extended period of 
isolation and confinement on human beings, 

From a scientific point of view, the mission provided the opportunity 
lor a unique kind of sampling. Scientists have long studied the ocean’s 
characteristics by sitting at one point and letting the water go by; the 
Ben Franklin cruise, on the other hand, stayed with a body of water over 
a long period of time, riding in it as it moved through the ocean, and 
observing changes that took place during the period. 

The Gulf Stream’s speed, local turbulence, and physical and acoustic 
properties were investigated through observations and recordings of almost 
1 million measurements of temperature, sound velocity, and salinity along 
the track. Stereophotographs of the bottom were taken at five locations, 
as well as side-scan sonar imagery of the bottom, along with measurements 
of the acoustic reflectivity of the ocean bottom and the volume reverberation 
coefficient of the water at selected locations. 

The Gulf Stream drift mission accomplished its primary objectives of sus- 
tained submergence and of identifying problem areas. With only few ex- 
ceptions, life support systems worked well. Carbon monoxide accumulation 
and bacterial growth occasionally posed problems, but remained within ac- 
ceptable limits. Various components of the suite of equipment failed at 
various times, and the need for specific corrective actions was thus identified. 



Federal Leadership for Environmental Predictions 

The sea and the air form a closely knit physical complex, operating under 
similar physical laws, in which changes in one strongly influence the actions 
of the other. Much of the Nation’s capability for the prediction of ocean- 
ographic factors has evolved in meteorological forecasting centers and the 
two activities are often co-located. Federal agency funding for programs in 
support of environmental forecasts and associated observations is shown 
in table IX-3. 

In 1969 a Federal Planning Guide for Marine Environmental Predictions 
(MAREP), which had been completed by the Council’s Interagency Com- 
mittee on Ocean Exploration and Environmental Services, was reviewed by 
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Table IX-3— Funding for Ocean Observation and Prediction 



tin millions 0/ dollars) 



Agency 


Estimated 
fiscal year 
1%9 


Estimated 
fiscal year 
1970 


President’s 
budget 
fiscal year 
1971 


Department of Defense 


12.1 


11. 6 


11. 5 


Na»y 


01.8) 


01.3) 


(11- 1) 


Corps of Engineers 


(0. 3) 


(0.3) 


(0.4) 


Department of Commerce (ESSA) 


7.0 


6. 7 


7.7 


Department of Transportation (Coast Guard). . - . 


11.7 


11. 0 


11.4 


NASA 


1.5 


1.4 


1.4 


Atomic Energy Commission 


1.4 


1.0 


0. 8 


Total 


33. 7 


31. 7 


32.8 



the agencies concerned. This planning guide, which is still under study, is 
an evolutionary step toward the identification of requirements and the de- 
velopment of a Federal plan for providing a cohesive and effective set of en- 
vironmental predictive services. MAREP addresses not only the technical 
factors involved — the physical, biological, and hydrodynamic states of the 
ocean and atmosphere — but also the identification of existing marine en- 
vironmental prediction activities; and a preliminary statement of current 
and future user requirements. Considerable study and refinement of require- 
ments must take place before actual program planning can commence. The 
benefits and alternative methods of satisfying high-priority requirements 
must still be identified and evaluated. Nevertheless, MAREP can serve as a 
basis for such activity in this important area. 

The Department of Commerce was assigned lead agency responsibility 
for civil marine environmental observation and prediction activities, and 
submitted an implementation plan which included these major points: 

1. The Department of Commerce (ESSA) would serve as lead agency 
for Federal marine environmental prediction activities, excluding the De- 
partment of Defense activities which involve military security or which are 
of uniquely military concern. 

2. The Administrator of ESSA would serve as Federal coordinator for 
MAREP, with staff to be provided by the Office of the ESSA Assistant 
Administrator for Environmental Systems. 

3. To assist the Federal coordinator in carrying out his responsibility, an 
Interagency Committee for Marine Environmental Prediction (ICMAREP) 
would be established with Chairman and Executive Secretary to be pro- 
vided by ESSA’s Office of Environmental Systems. 

4. The Federal coordinator would report to the Marine Sciences Council’s 
Committee for Policy Review for policy guidance, review and validation 
of proposed plans, and the resolution of differences which might arise. 

This plan was considered and approved by the Council’s Committee for 
Policy Review in December 1969. 
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As noted elsewhere in this report, the President’s five-point marine sciences 
program places emphasis on environmental forecasting and ocean monitor- 
ing programs as areas of special interest to the United States ill the Inter- 
national Decade of Ocean Exploration. 




A cage of instruments for measuring salinity , temperature , depth and other oceano- 
graphic factors is lowered from the Navy’s survey ship Silas Bent. Data from the 
instruments are fed into the Shipboard Survey System, where they are recorded, 
corrected, and displayed in a matter of minutes. 

The Navy and ESSA are developing oceanographic prediction programs 
with the following recent achievements: 

The first ESSA Marine Forecast Center was established at Anchorage, 
Alaska. It provides seafarers along the Alaskan coast with six broadcast 
bulletins daily, each containing weather patterns, forecasts of waves, tem- 
perature, visibility and sea ice, and warnings. 

Observations of Gulf Stream meandering were tested by ESSA against 
several theories about the origin of these phenomena; it appears, however, 
that none of these theories is adequate, and that further basic work is needed. 

During studies of the general circulation of the Gulf of Mexico, ESSA 
took advantage of a rare opportunity to investigate oceanographic condi- 
tions immediately before and after a hurricane passage. These observations 
will contribute substantially to our knowledge of both the causes and effects 
of such storms. 
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BGF Fisher)' Oceanography Center’s forecasting service completed its 
ninth consecutive year of providing monthly and 15-day oceanographic 
charts of environmental conditions off the west coast of the United States. 

Correlation of sea surface temperature gradients with subsurface thermal 
structure was undertaken by ESSA. This method has great potential value 
in the use of satellite observations of sea surface temperatures to predict 
subsurface thermal structures. 

In 1969, the Navy extended and improved its capability in both general 
and specialized environmental forecasts. Many numerical models of nature 
were completed for the prediction of suiface waves, ice movement, air-sea 
interactions, and acoustic propagation phenomena and sonar range fore- 
casts;. Culminating years of research, these models appear to be sufficiently 
accurate for application to practical problems, although additional vali- 
dation is required. A numerical, computerized model was also developed 
for prediction of sea and swell both for coastal waters and for semi-enclosed 
seas. A computer-based prediction mode! which relates environmental data 
to the growth and decay of sea ice, was tested for reliability. Perhaps of 
greatest significance, a system was established for evaluation of numerical 
oceanographic forecasts by naval units to provide the basis for pragmatic 
refinement of models. 

Data were gathered by the Navy to test a model for the generation and 
propagation of internal waves, which appear to be major contributors to 
motion in the deep ocean. 



Developing Buoy Technology 

A large part of the construction and operational costs of seagoing plat- 
forms is directly related to the provisions of accommodations for operators. 
Accordingly, the desirability of utilizing automatic sensing, recording and 
telemetering equipment whenever feasible, thus avoiding expensive life- 
support systems, is evident. While buoys and other unmanned platforms 
cannot replace manned platforms in all situations, it is clear that they have 
a role in the data collection program which will increase as out* technology 
for automated sensing improves. 

The Coast Guard, as lead agency in development of data buoy technolog)' 
and determination of system requirements, worked in close collaboration 
with other agencies on advanced system development during 1969. Efforts 
in this program covered preparation of a long-range development plan; 
initial engineering for experimental test platforms; design requirements for 
prototype buoys; analysis and evaluation of sensors; and mission and benefit 
analyses. The advanced development phase, as now planned, contemplates 
initial deployment of experimental buoys in 1971, testing of prototype low- 
capability buoys in 1972, and evaluation of improved state-of-the-art high- 
capability buoys in 1973. Some noteworthy events during the past year 
included — 

(1 ) Selection and direction of systems engineering and management 
support efforts to develop a long-range program plan; 

(2) Systems planning and budgetary justification, including a tenta- 
tive performance requirement, a preliminary concept formulation sum- 
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maty, and two engineering studies of alternative technical approaches 
to meet the performance requirements; 

(3) An in-depth study of optimum utilization of the six high-fre- 
quency radio bands available for oceanographic use, and telemetry 
propagation reliability from potential buoy locations; 

(4) Studies to refine user requirements, to investigate observational 
data characteristics, to examine the natural variability of important fac- 
tors in the marine environment, to compare cost-effectiveness sensi- 
tivities of various mixes of observational platforms, and to examine 
deployment and maintenance schedules and operational tradeoffs; 

(5) Participation in the Navy North Pacific experiment, by pro- 
viding ship support, and installing VHP telemct y equipment for real- 
time data relay via satellite; 

(6) Examination in depth of the benefits obtainable for all types of 
transportation from improved environmental predictions ; and 

(7) A Scientific Advisory Committee meeting to relate buoy capa- 
bilities to the solution of major environmental research problems, and 
to discuss relationships with planned national and international 
programs. 

Previous efforts have provided a sound base for specific project funding 
of $6.5 million in fiscal year 1970 and $13.5 million in fiscal year 1971. The 
current year’s work is providing a start on engineering test platforms and 
studies for improved platform and sensor design. 



Employing Spacecraft and Aircraft 

When the problems of the ocean are viewed on a global scale, it is ap- 
parent that aircraft and spacecraft can serve as powerful tools which can 
contribute significantly to the solution of ocean problems. From the unique 
vantage points offered from the air and space, quasi-synoptic, repetitive 
looks can be taken at immense geographical areas. Many technical diffi- 
culties persist and there are physical limitations to a high-altitude sensor’s 
capabilities to look into the sea. But in the decade since earth orbital activity 
began, great progress has already been made toward marine science appli- 
cations of the Nation’s space program. Activities in this field are reported 
in the publication “United States Activities in Spacecraft Oceanography,” 
prepared for the Marine Sciences Council by NASA, the Navy, ESSA, and 
BCF in 1967. 

Most of the current effort is being concentrated on determining the 
capabilities and limitations of remote sensors on spacecraft. The develop- 
ment of sensors with optimum spectral and spatial resolution to sample 
discrete areas on the sea surface, to avoid too much “averaging” and loss of 
detail, must be reconciled with the desirability of fully utilizing the unique 
capability of spacecraft for broad-area coverage. The calibration of equip- 
ment in use has posed a particular problem; considerable effort has been 
necessary to provide “ground truth” locations over which flights can be 
made, so that surface and high-altitude results can be compared. Data 
handling is unusually complex, the large quantities of data acquired leading 
to massive storage, transmission and processing problems. Much interpre- 
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tativc work is presently underway on the application of data gathered for 
specific oceanic uses such as fisheries, charting, transportation, and defense. 

The National Aeronautics ard Space Administration as the lead agency 
rcsjKmsible for coordination of space sensor technology, techniques for 
spare oceanography, and testing of new developments, continued its activi- 
* ties in these areas during 1 969. The Spacecraft Oceanography Project Office, 
established at the Naval Oceanographic Office under a NASA/Navy agree- 
ment, continued to provide support by monitoring NASA developmental 
contracts, inducting technical symposia, and coordinating working-level 
agency interests. Interagency coordination was effected through the Earth 
Resources Survey Program Review Committee. 





The effective employment of ne:v techniques , such as infrared thermal imagery is 
shown in these photographs . Conventional aerial photography (top) and infrared 
thermal imagery (below) taken at midday under ideal photographic conditions. The 
shoreline was not distinguishable in detailed stereoscopic study of the photograph. 
However, thermal imagery of the coastline corresponds exactly to that shown i n 
summer photography . 



Many of the problems associated with sensing the ocean from high 
altitudes, and the techniques for solving them, are common to both aircraft 
and satellites. Because of this commonality, many current experiments are 
being carried out from aircraft due to their greater flexibility and lower cost. 
During the past year, emphasis was placed on the testing of sensors ovci 
specific ocean test sites. Among the activities relating to both airborne and 
satellite systems were the following: 

1. Missions were flown to obtain radar scattcromctry data over various sea 
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conditiot.;, using NASA and Navy aircraft. Ground truth to verify ami 
interpret the radar data was provided by laser altimeters and by foreign 
weather station ships. 

2. Ocean swell measurement techniques from space photography were de- 
veloped by Navy. 

3. Detailed analyses of visible regions and high •resolution infrared imagciy 
from the Nimbus II satellite weic completed, demonstrating the feasibility 
of mapping the distribution of sea ice by these technique'. 

4. The Navy's tests of a ruby laser for sea-ice profiling rcsu.icd in m mark- 
able resolution accuracy of 6 inches. Matched with coincident photograph) 
the laser tests demonstrated that ice roughness and surface reflectivity ofTricd 
promising indications for use in interpreting stages of ice development. 

3. The Bureau of Commercial fisheries demonstrated the utility of low- 
light-lcvcl TV to detect biolmnincscence generated by Ijolh individual and 
schooling fish. Fisheries experiments were conducted using photography, 
infrared radiometers, and multispcclral imagciy to map sea surface tem- 
peratures and areas of upselling ofT the Columbia River, Spcciiwnetcr sig- 
natures were established for several species of flsb in the Cull of Me Aim 

6. Multiband photography was flown over the submersible flcti !'ut*iUitt to 
gain infonnation on the visibility of her hull at various depths and at \ai imi 
pans of the spectrum. 

7. The Navy tested techniques for measuring volume icvcilxi ation rin 
scattering and random echoes of ncmislir pulses in the ocean) from air- j. ft 
using modified ASW sonobuoys ami explosive souiccs of sound Work 
underlay to extend these techniques to the measurement of botm.n : 
amount of acoustic ciicigy lo«t or dissipated when an acoustic pub-- 
bounced off the ocean bottom). Both of thes* factors are of critical in 
lance to the new, high -|x>wr red sonar systems, which are designed to pr 
sound either directly through the water mass, or i 'fleet it olf the Ixm ‘ 
this is advantageous operationally against submerge* 1 submarine targets. 

8. Aircraft cx|>cndahlc bath) thermographs were »sod loutinely by the 
Navy for syr,optic ami quasi-synoptic rncasiimnrnt of large-area ocran 
temper aturc profiles. 

9. A wide-range imaging spectrophotometer and water color sjiecUoinctci 
wfrr flown over test sites, providing data on abruption jjxxtr.i for ]>nHulrd 
waters, mineral and flsb oil slicks, chlorophyll, and water mass tyjxs 

10. An interrogating, recording, and locating system was used to demon- 
strate continuous, reliable ocean data tclcmctiy. Data acquired by senseis 
on buoys and ships and the sc\ platform's position were telemetered on 
inquiry to a Nimbus satellite which further i clayed them to a land-based 
processing computer. 

11. Two Na\y magnetic survey lire raft collected almost 250,003 miles of 
airborne magnetic data on worldwide flights. 



National Oceanographic Instrumentation Center 

Implementing a decision taken by the Mari; r Sciences Council the Na- 
tional (X cartographic Instrumentation Center was formally established on 
February 13. 1969, with the mission: ‘‘To act as the National f«al |xxnt 
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for knowledge of technology related to the testing, evaluation, arid calibra- 
tion of sensing systems for ocean use, to enhance the quality of such systems 
by the dissemination of operational results and technical information, in 
order to serve the national oceanographic community.” 

The Instrumentation Center is under the administrative command of the 
Naval Oceanographic Office, and is guided in its policy by an advisory 
board with n inbcrship from Federal agencies concerned, as well as ob- 
servers from the National Academies of Sciences and Engineering. The center 
is assigned to— 

(1) Operate a laboratory for the evaluation of oceanographic 
instruments; 

(2) Generate a central proposal and specification hie and disseminate 
information on ongoing development efforts for oceanographic 
information : 

(3) Encourage the coordination of national specifications for 
oceanographic instrument development; 

(4) Conduct cooperative programs among Government agencies, the 
academic laboratories, and the industrial community for the purpose of 
compiling Government-wide requirements on instalments to suppoit 
the development of standards; 

(5, Establish the techniques and secondary reference standards by 
which oceanographic instrument performance can be assessed ; 

(0) Perform laboratory and field testing and calibration of ocean* 
ographic instruments for government, academic, and industrial interests; 

{7) Collect and disseminate instrument performance and dctcriora* 
tfon data as a means of acquiring statistically significant samples on 
which to base design c ritcria for improved systems ; and 

(8) Develop ocean measurement instruments, when these instru- 
ments cannot be obtained from other sources, and equipment nreded 
in the testing and calibration of oceanographic instruments. 

The National Bureau of Standards in coo|'erat;on vsitli the instrumenta- 
tion center plans to assist by providing fundamental and transfer standards 
of physical measurement, amt the precise determination of physical con- 
stants and imjxntant picpcitics of matter and materials as they relate to 
the ocean. 

During !%9, the center jrcrformcd nondestructive tests on 25 instruments 
of varying types, ranging from depth recorders to safinometers, and from 
curient meters to acoustic releases. As in past sears, a high percentage failed 
to meet manufacturer's spec ifua 1 ions. Thirteen fact sheets were issued on 
equipment tested, to assist users in making choices, and to help manufac- 
turers improve their products. Subject to availability cf funds, the cemer 
plans to increase the output of this service during the coming year, and to 
implement other func tions of the center's charter, 

Establishing Future Priorities 

1 he seemingly simple r divides of chatting the ocean and predicting its 
future actions are in fact the most massive and intractable problems which 
now face marine scientists. At our present rate of progress, mapping the 
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F.SSA*s Oceanographic Survey Ship Explorer (O.SS-Ol) ii typical of the nr:v ocean** 
grrphic ifstetf being construe ted. Since these ships are designed specifically for their 
task*, they a*e more produetiie and efficient than the older ship .« they replace. 

topography of the ocean bottom will involve hundreds of *lu|'.)e.v* <*f 
work. Delineation of other static factors, includin'* the assco ifnl of te- 
sounccs, will irquirc equally great tfTorls. Statistical sur-cyr < f '] v timr- 
tlej>ciident variables, and die understanding of ocean processes suflrient to 
permit imprmements in their prediction, are far ill the future. 

Faced with tasks of this magnitude, the United States cleat ly must take 
two steps: First, dincatc what parts of the sea are of prime interest 
and therefore should be given piiorily attention: and second, increase the 
speed and efficiency of survey operations. 

flic first step will imtrivc the assessment ol resource exploration anil 
exploitation, lran$|x>rtation, recreation, pollution abatement, defense, and 
other factors, not solely in the light of what is desirable, but what can be 
rigorously justified : n costs versus predictable benefits Particular attention 
must be gixen to rclatixe priorities of geographical areas, and the time sdiccb 
ulcs invobtd in surveying large portions of the ocean. The accuracy a.xi 
density of data rued d must lx* analyzed, so that all the necessary ir.ioima* 
lion is gathered without engaging in the collection of data for its own cake. 

The second step will demand broad technological advances, plus a prudent 
use of our available resources. The Nation must not only operate its vessels 
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more efficient])-, and look toward improved ship types, but also take all 
possible advantage of other platforms such as submersible*, buoys, aircraft, 
and spacecraft. A task force recently established by the Council’s Committee 
for Policy Review is currently investigating the general subject of ocean- 
ographic ship utilization. It is addressing the desirability of new ship con* 
slruction, ship inactivations, and interagency use of existing ships, improve- 
ments in management, and the preparation of a more systematic -jpproach 
to the efficient operations of oceanographic ships. Radical improvements of 
surveying instrumentation also need to be made. 

This combination of improved technology and a sharper focus on plan- 
ning, will enable us to make the most productive use of our time and funds 
to meet all national goals. 



o 
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Chapter X 

INFORMATION MANAGEMENT 



Lite marine sciences program, reinforced by related scientific and en- 
gineering disciplines and technologies, involves numerous institutions, in* 
eluding 1'cdcra! departments and agencies, Stale, regional, and international 
organizations, committees of llir Congress, major U.S. industries, and 
academic institutions. Kadi of these participants is involved as manager, 
producer, or user of large quantities of marine-oriented information. 

Because of the increased use of the ocean, with new emphasis on the 
coastal zone, the requ demerits for data arc expanding. esjKcially in the 
non-Fedcral area. As larger quantities of data arc collected they must be 
made available to the c immunity in a variety of products on a much faster 
turnover rale than the present system can accommodate. Mala products arc 
also changing in response to tire Nation s broader uses of the ocean. The 
potential of this information docs not necessarily lie in the quantity of 
material collected but in tire efficient use and integration of high quality, 
reliable data for whatever requirement it fulfills for die data-using 
community. 

Obtaining quantitative emironinental data needed to suppoit research 
and operations is an ini}>ortant function of the marine screncc program. 
Atmospheric scientists have required mote than 100 years to arrive at ra- 
tional models of our atmosphere and its interactions with land and sea which 
arc useful for short-term and long-range predictions. In contrast, the marine 
science community has only recently reached a |>oint where scientific re- 
search, national requirements, and technology have combined to |>cmiil a 
number of practical and economically significant applications of accumulated 
knowledge about the sea, coastal rone and Great Likes. 

Hie marine sciences data networks which support the Nation's present 
predictive capabilities include agencies, data centers, and academic institu- 
tions handling data and other forms of information on the complex physical, 
chemical, biological variables which characterize the world ocean One of 
the major purposes of these networks is to supply real-time data for fore* 
czs ring purposes. However, it is actually a much broader based group of 
data- and information-gathering systems. Essentially these systems consist 
of elements supplying— 

(1 ) Environmental data for real-time and archi al purposes: 

(2) Nonnumcrie information such as bottom holographs core 
samples, seismic profiles and biological assemblages: 



m 

A nalional crrtn /reft m ttqnfrn tkt tempi lition cf 

4*U informitioK *j r A if ftflffUcn profilt e/a 

f tobtbU raff 4e>mt in iht e/ Afnira 



(3) Bibliographic and documentation information ; 

(4) Program management and budget information; and 

(5) Statistical, economic and demographic information concerning 
man's oceanic activities. 

The ability of a potential user to be able quickly to gather large quantities 
of information for a specific area in a usable form represents one ol the 
most important functions of a wcil-managcd data system, fable X-l indi- 
cates the problem faced by a data product customer in search of compre- 
hensive information. Eighteen separate national and agency rci>o$itorics 
exist which contain 61 individual data bases - over inf, various aspects of 
oceanographic, estuarine, and limnologic information. However, the exis- 
tence of particular products or a number of producing agencies does not 
insure that desired, usable environmental data will be available for any 
one region. 

The process of sorting and integrating information from surveys, research 
cruises, random ship reports, and operational information from our mcr- 
chant and military fleets, is continuous at Federal data repositories and 
producing agencies However, synthesis of marine environmental data is 
not complete and the degree to which it must be integrated has not yet 
been determined. The lack of large blocks of highly correlated information 
is a particular source of concern to State and local groups, since such infor- 
mation is an important requirement in cffecthr planning for the rational 
use of marine resources, especially in coastal areas. U.S. data networks 
should be flexible enough to accommodate not only specific research and 
operational requirements but the increased number of users who ncc.1 
comprehensive in formation. 

Problems associated with marine environmental data include— 

( 1 ) Incomplete idcntifica‘ion of the multiple purposes and technic al 
requirements of dc.ta collection ; 

f, 2) Excessive delays in the "data transmission'' system, csj>ecially 
those between collection and availability of data to the marine cc>in- 
m unity as a whole; 

(3) Inefficient data collection and handling methods; 

(4) I^ck of agreement on datt handling procedures and standards, 
which seriously limit data flow among marine science organizations; 

(5) Inadequate correlation of data in space and time and lai 
selective data retrieval by geographic area, depth or other criteria; 

(6) Impending rapid growth in data collection volume arising from 
expanded airborne, space borne, and surface collection systems with 
the inevitable impact on the existing overloaded data management 
system; 

(?) The ever-widening gap between the actual slate of marine data 
management activities and the potential activities made possible by 
technological developments in information handling; and 

(8) Lack of a coordinated system of data management from point of 
collection to ultimate use. 
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from Syetem Development Corp. Photo II Report: A Matkmol Data Prtnr.im for the Mart nr Environment. 



Assessment of National Data Management Functions 

The Marine Sciences Council, recognizing the need for availability of 
data and data products, arranged for a comprehensive study to provide 
a national data program for the marine environment. In establishing the 
criteria for this study the Council recognized that as national require- 
ments for use of the ocean and its resources begin to expand, new infor- 
mation and products, which will allow the most effective use of the ocean, 
must be devclojxxl in addition to existing products. The study, completed by 
the System Development Corporation in I960, sought to identify and 
forecast data requirements, delineate a national data program and a plan 
to improve coordination of existing marine data and information service 
functions, and determine cost estimates for the principal components and 
alternatives. 

The study, entitled “A National Data Program for the Marine Environ- 
ment/’ 1 delineates the complex interactions between user groups and the 
marine sciences data network. The study, which was the second of two con- 
tracted by the Council, s\a$ performed in a scries of interrelated parts. These 
sections, which we re combined into the final report arc — 

( 1 ) Analysis of the needs of marine data service customers; 

(2) Delineation of priority marine data and products and the 
analysis of selected data services; 

(3 ) Analysis of data functions; and 

(4) National marine data program lor the marine environment. 

Specifically, the study's major recommendations call for — 

( } ) Establishment of a |>cnnancnt mechanism for Federal coot dina- 
tion of marine data management : 

(2) Substantial increase in the authority and responsibility assigned 
to existing national data centers: 

(3) Designation of a national ocean engineering data referral renter : 

(4) Development and maintenance of a comprehensive inventory* 
of marine data holdings, samples, products, and publications; 

(5) Strengthening of Federal /State relationships in the acquisition 
of marine data and the provision of data services: 

(6) Completion of the installation of on-board data processing sys- 
tems on Government oceanographic ships; and 

(7) Development of new marine environment data products eg. 
sea-air energy exchange forecasts, subsurface current forecasts, inhand 
lakes forecasts, water quality mapN and atlases. 

In its initial acceptance of the national data program study, the Council's 
Committee for Policy Review recognized the primary functions of the Na- 
tional Oceanographic Data Center as one of the key elements in the data 
network, 14ic Committee recommended an rxfxmrion and strengthening of 
the NODC Advisory board membership so that it may assume the role of 



'Study performed under tontnel fJfOOOl 4-67 0-055$) hf the Nations! Couixil 
on Marine Re*oufeei and Engineerinf Development fy i he System Development 
Corp , Sint* Monica, Calif , July 1 $6$. 
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a permanent mechanism for Federal coordination of tlie marine sciences 
data networks, In addition the Committee has asked NOI)G and its Advisory 
Board to develop a 5-year time-phased plan, with alternatives, lor the im- 
provement of the Center's services, as indicated in specific recommendations 
within the study, and with oilier available cx]>crt guidance as necessary. 

The national data program study, as it relates to the broader problems 
encountered within tin* Federal community, is presently the subject of 
continuing review by the Council and all Federal agencies involved in 
environmental data management matters. 

There arc four Federal rqrositorics of environmental data with the 
primary mission of providing services to the user community: the National 
Oceanographic Data Center, the Smithsonian Oceanographic Sorting Cen- 
ter (biological and geological sample collections), the National Weather 
Records Center (marine meteorology) , and the Great Lakes Regional Data 
Center. Funding for services at these centers is indicated in table X-2. Also 
various data are stored in data banks of individual Federal agencies. 

Table X-2— Funding for Marino Data Centm 



tin millions of dollar*! 



A airily 


T«ti maledl 
FY 19W 


Estimat'd 

FY tr.'O 


I'rffMenm 
budget FY l‘*7l 


National Oceanographic Daia Center 1 


1.6 


2. 1 


2. 1 


NVion.il Weather Records Center 1 


0. 3 


0. 3 


n. S 


Great l^akei Data Center. . , 


0. 2 


0 2 


u. 3 


Smithsonian Oceanographic Soiling Center.. 


0 1 


0. 1 


0. 1 


Total 


2. 2 


2. 7 


3.0 



• InefodfS N$F contriVulk'n of in rath of the rears for WreM OjU s Center A . 

* SuppVroented by lunds lr*n?lrrttd from eiher r»de» foe reimbursable project* 



National Oceanographic Data Center 

The National Oceanographic Data Center (NODC). Washington, D.C , 
is an interagency activity established in I960 under the adminbti \tive man- 
agement of the Naval Oceanographic Ofhec. Policy and technical review 
arc provided by an advisory board with representation from each of the 
10 Federal funding agencies and the National Academy of Sciences; repre- 
sentatives of National Oceanographic Instrumentation Center and industry 
serve as observers. Collocated with World Data Center A for Occanogiaphy, 
NODC receives, compiles, processes, and preserves oceanographic data 
from both foreign and domestic sources and disseminates these data to U S. 
and foitign organizations and institutions engaged in marine science ac- 
tivities. 

l>uring fiscal >ear 1969, NODC’s accomplishments included— 

(I) Installation of a third generation computer which will allow 
for complete automation of major hies, thus allowing for faster and 
more accurate response, as well as a greater variety of products; 
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(2) Response to an increasing number of requests fot data and 
information (with reimbursable reejucsts up -11 percent over fiscal year 
1968, exchange sendees up 116 percent, and nonreimbursable requests 
up 20 percent). Table X-3 summarizes the sources of requests; 



TabU X-3— Sources ol Requests ’—National Oceanographic Data Center, 

Fiscal Year 19*9 



Percent 

Federal and State Governments. 32 

Industry* 28 

Universities, 24 

General public. 9 

Foreign requests 7 



Total 100 

• Toul 




( olUetion and [recessing of oceanographic gala arc rapidly besoming automated, 
thoxn esbcie it rAr automated gait aegviction (entet fot the Shipboard Snney 
System in r/iz U.,V. Saif sartcy s hip Silas Iknl 1 he ptimiry mpositoty ftt oef/ino* 
C taghic ggta it the Sational Oceanographic Data Center. Qnahty cenUot, inform** 
lion storage and retrieval end analysis are petfvtneg by the Center's ne.rty installed 
computer system. 
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(3) Production of a sound velocity atlas for the Eastern Pacific, 
summarization of mixed layer and ihcrmocline depths (BT data) lor 
various ocean areas, revision of an automated worldwide land-mass 
data file for more accurate representation of shorelines in graphic dis- 
plays, production of detailed inventory for a geographically sorted 
a r ihivc of station data; 

(4) Initiated development of new data bases including those for 
sea l«cd photographs, time series data (buoys), satellite photographs, 
and for modern, continuously recording instruments such as the salin* 
ily-lemperatu; e-depth systems. To facilitate receipt of all ly|X‘s of 
marine data in computer-compatible fonn (punch card and tajx' and 
magnetic ta|>e), completed development of the first phase of a general 
data system (CDS), and published an instructional guide for use of 
the system; 

(51 Continued cooperation with the World Data Centers in updating 
of the Inter governmental Oceanographic Commission's 1963 catalog, 
“Fixed Oceanographic Stations of the World” (now called ‘Ocean 
Data Stations") • I Ins catalog symbolizes the increased emphasis on 
marine data inventories and directories, which arc under develop- 
ment or being planned at both national and international levels: 

(6) Continued implementation ami expansion of the National 
Marne Data Inventor) 1 (NAMDI) of all marine data and samples 
generated by U.S. data-gathering activities, for fiscal year 1967- 
69 o| xral ions, and, for selected organisations, from 1960 onward. 
NAM Hi serves not only as a data management tool for l\S. program* 
out will also act as a prototype inventor)* for other intergovernmental 
data exchange programs; and 

(7) Accession of 50,000 bathythermograph observation* (from 
eight nations, including the United Stales), 49,000 oceanographic sta- 
tions (36,000 from 31 nations. 1 3,000 from U,S. activities) , and varying 
lyi^s and amounts of biological (from 25 foreign and 16 U.S sources) 
and geological and geophysical (30 foreign and 60 US. soirees) data 
and information. These data were Incorporated into the national data 
base for use in the preparation of aliases, in survey planning, environ- 
mental studies, and oilier programs requiring large quantities of data 

During the coming year, XOIXVs plans include — 

(1) Continued development of automated, near-real-time service 
capability in order to respond to requests for retrieval of data and in- 
formation including space/ time variations of thcnnoclino depth and 
associated temperature gradients, averages in three dimensions for 
various physical and chemical marine profertirs. new computational 
programs, contouring of descriptive features, and analytical products: 

(2) Further development of on-line interactive displays of data and 
analyses (‘live atlas”) in order to provide a new and dynamic rxjicri- 
mcnlal Vo) for the researcher as vvcli as a quicker rcs|x>nse lime to the 
requester with stringent time requirements; 
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(3) Continuation of development of a General Data System (CDS) 
to provide ready acceptance of a wide variety of computer-com- 
patible formats; 

(4) Development of a time-series data base to incorporate marine 
data emanating from national and international data programs;, 

(5) Preparing a directory of existing marine data, samples, and 
products — nationally and internationally, and developing specialized 
inventories, as required; 

(6) Continuing use of a time-sharing computer system for inventory 
and production status control, and expanding inventory information; 
and 

(7) Developing models for use in quality control of data and pre- 
dictions systems. 



Smithsonian Oceanographic Sorting Center 

The Smithsonian Oceanographic Sorting Center (SOSC) brnan its serv- 
ice in 1962. The Center receives, sorts, records, curates, and distributes 
biological and geological specimens collected by oceanographic expeditions 
to all seas. Acting as a central processing laboratory, SOSC expedites speci- 
men oriented research analysis by sorting and distributing samples to 
specialists. 

In addition to the biological material handled by the Center, the SOSC 
geology section acts as a t learinghouse which inventories and distributes 
geological collections, consisting of sea floor samples, photographs, or general 
information on rock specimens. Analytic equipment was installed during 
1969 to enable optical identification of rock materials, thus assisting *n the 
distribution process. During 1969, SOSC sorted 3,491,589 specimens and 
distributed 1,148,411 specimens in 531 shipment. The total ni. nber of 
specimens sorted by SOSC since 1963 exceeds 22 million with nearly 8 
million specimens distributed. 

Responding to the increased interest in environmental quality, SOSC 
has made arrangements to receive existing unsorted collections from the 
Great Lakes. The processed specimens will serve as a benchmark for the 
evaluation of efforts toward pollution abatement and lake restoration {see 
ch. Ill) . 

The National Academy of Sciences is currently studying the possible 
ecological consequences of a sea-level canal in Panama. In this connection, 
the Center is prepared to assist in establishing the benchmark collection 
data necessary to evaluate the effect of unhindered migration between the 
Atlantic and the Pacific. 

Recently, the SOSC has obtained more efficient, modtm facilities. An 
automated records section, first designed in 1966, began full-scale operation 
with the correlation of specimen data with collection and environmental 
data from expedition logs; over 50,000 records were produced in fiscal year 
1969, many of which represent backlog data from samples previously sorted 
at the Center. 

The Mediterranean Marine Sorting Center operated by the Smithsonian 
Institution in Tunisia provides a continuing service to U.S. and foreign 



scientists and will serve as the sorting center for the Cooperative Investiga- 
tions of the Mediterranean, a 5-year intergovernmental study starting in 
1970, and included in the International Decade of Ocean Exploration 
(IDOE) . 

National Weather Records Center 

The National Weather Records Center (NWRC), an arm of FSSA’s 
environmental data service, is the archival center for all climatological data 
gathered by civilian and military agencies. Over 15 percent of the informa- 
tion stored in the Center’s tape library contains marine surface observations, 
including sea surface temperatures and ocean wave data. Marine-related in- 
formation from over 2,000 merchant ships and smaller fixed stations, such 
as lightships and ocean station vessels, is used to develop climatological 
analyses. Volume VIII of the U.S. Navy’s global series of Climatic Atlases 
was completed using the synoptic information collected at the Center. Other 
forms of information, such as satellite photographs, are also included in the 
data file. Automation of selected data files now allows limited production 
of graphic information from data acquired directly from ships. 



Great Lakes Regional Data Center 

The Great Lakes Regional Data Center (GLRDC), operated by the 
Lake Survey District, Corps of Engineers, has a program directed toward 
processing, storage, retrieval, dissemination and analysis of — - 

(1) Hydraulic and hydrologic data (river flow and water level); 

(2) Limnologic data (physical, chemical, and biological) ; 

(3) Hydrometeorological data (precipitation); 

(4) Hydrographic data (depth) ; and 

(5) Ice and snow data (formation, movement, break-up and thick- 
ness) . 

Information and analysis services provided by the GLRDC assist in regu- 
lating the level* and outflow of Lakes Superior and Ontario, the fow over 
Niagara Falls, and in the determination of the division of water for hydro- 
electric power between the United States and Canada. Such data arc also 
used extensively in research on fisheries, pollution, shore processes, currents, 
and ice formation and movement. The GLRDC acts as a data repository 
and clearinghouse for data and research projects for the Great Lakes Study 
Group 1 and the marine-related scientific community in general. 

International coordination of data collection and research activities is 
provided by the GLRDC for the Great Lakes Study Group and in services 
provided to the International Joint Commission. The GLRDC is a major 
participant in the International Field Year on the Great Lakes. It main- 

'The Great Lakes Study Group (GLSG) is an informal organization representing 
L5.S. and Canadian interests, initiated in 1962, to facilitate the exchange of informa- 
tion and to provide informal coordination among the various research activities relat- 
ing to the Great Lakes and the Great Lakes Basin. This group provides a forum for 
assisting, coordinating and eliminating duplication associated with research activities 
on the Great Lakes. 
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tains liaison with Canadian counterparts for access to data obtained under 
their programs. 

A new computer complex dedicated to an on-line data acquisition sys- 
tem in supj .it of the International Field Year on the Great Lakes is 
scheduled for installation in the first quarter of fiscal year 1971. The general 
purpose computer will have the capability for data processing, analysis and 
storagc/rctrieval and will be the hub of all systems of the GLRDC. Data 
will be acquired by a remote system with on-line sensors. This initial use 
will provide a basis for decentralization to other Great Lakes at the comple- 
tion of the International Field Year. 



Other Repositories 

Individual Federal agencies maintain primary centers for their mission 
related activities. The Department of Defense supports data repositories for 
geodetic and bathymetric data for nautical charts, and for gravimetric and 
geomagnetic data. In addition, the' Navy’s Fleet Numerical Weather Center 
stores a wide variety of environmental data related to the ocean and at- 
mospheric forecasting in support of operational needs. 

Table X-4 indicates the growth of Marine data center files. 

Table X-4 — Growth of Selected Oceanographic and Marine 
Meteorological Observations 

National Oceanographic Data Center (Cumulative Acquisitions) 



Datatype 1965 1965 1967 1968 1969 



Bathythermograph 

analog data 700,000 739,000 760,000 783,000 800,000 

Bathythermograph 

digital data 114,000 199,000 292,000 309,000 500,000 

Station data 239,000 270,000 305,000 329,000 355,000 



National Weather Recoru* Center (Yearly Acquisitions) 



Marine meteorological 
d ata — Cooperative 

ship program 487,200 422,530 ^74, 654 568,222 i 625, 000 

Bilateral agreements 939, 000 875, 000 875, 000 i 962 r 000 

International ex- 
change 122,934 351,979 176,159 344,34! i 378, 000 



Smithsonian Oceanographic Sorting Center (Yearly Acquisitions) 



Samples: 

Received 15,834 5,207 7,281 3,427 2,927 

Sorted 3,266 3,999 4,053 3,263 1,972 

Specimens: 

Sorted 4,973,438 3,397,692 6,885,141 3,483,181 3,491,589 

Shipped 915,668 3,636,005 989,595 910,057 1, 148,411 
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Great Lakes Recionai. Data Csmter (Cumulative Observations) 



Data type 


U)65 


196$ 


1DG7 


1908 


1969 


Water level readings 
(station months 


53, 060 


54, 320 


54, 980 


55, 640 


56, 300 


Wave data (station 
months *) 


240 


280 


320 


360 


400 


Ice and snow: 

Visual (station 
months) 


588 


636 


684 


732 


780 


Aerial (synoptic 
charts *) 


250 


260 


270 


280 


290 


Water temperature 
(station months) 


1,572 


1,644 


1,716 


1, 788 


1, 860 


Hydrographic data 
(field sheets) 


G70 


690 


710 


730 


750 


Shore based hydro- 
meteorological data 5 
(station months) 


122 


134 


146 


158 


170 


Shipboard hydro- 
meteorological data 4 
(station months) 


36 


42 


48 


54 


60 


Water characteristics 4 
(samples) 


263, 000 


276,000 


289,000 


302, 000 


315,000 



1 Estimated. 

* Filed in hourly readings. (Total Information bits = station months times 24 hours times 30 days ) 

1 Continuous records. 

< Includes thickness, coverage and topographic features for all 5 lakes. 

1 Includes air and water temperature, wind direction and velocity, current direction and velocity from 
multilevel sensors. 

* Includes multicomponent chemical analyses and physical properties, 



By receiving data irom a variety of sources the Fleet Numerical Weather 
Center (FNWC) is able to provide forecasts and analyses for fleet use, and 
some of this information is useful to the fishing industry and for general 
meteorological forecasting. The computer complex at Monterey, Calif., 
handles over 25 million data bits a day to provide sendees through the 
Navy’s environmental data network, and the FNWC senes as a center for 
an environmental forecasting program which covers the Northern Hemi- 
sphere. In addition, FNWC is responsible for the majority of the Navy's 
numerical environmental prediction program and as such plays a key role 
in developing prediction products for the fleet. 

In the Department of the Interior, environmental data are collected and 
utilized by a number of bureaus. The Geological Survey itself compiles data 
on stream discharge measurements, chemical and related water quality data. 
The STORET system created by the Federal Water Pollution Control Ad- 
ministration maintains hydrological, meteorological, physical, chemical, bio- 
logical and other data related to water quality and water quality manage- 
ment. Operating through its 16 regional laboratories and its statistics branch 
in Washington, D.C., the Bureau of Commercial Fisheries collects and pub- 
lishes data on physical, biological, chemical, geological, and acoustical 
oceanography, as well as commercial fish catches. 

The Department of Transportation through the oceanographic work of 
the U.S. Coast Guard provides 34 percent of the U.S. station data processed 
by NODG during fiscal year 1969. 



In addition to the Federal agencies mentioned and the four Federal 
data centers, the Nation’s major oceanographic institutions maintain data 
holdings which contribute to the national marine data inventory of all 
data and samples generated by U.S. data gathering activities. An example 
of the use of NODC’s NAMDI to identify data collection trends is illus- 
trated in figure X -1 which shows the time distribution of selected meas- 
urements taken by the Woods Hole Oceanographic Institution over the 
past 8 years. 



Employing Data Internationally 

The programs and projects of the International Decade of Ocean Ex- 
ploration will lead to the production of diversified types and large quan- 
tities of marine data and samples. Rapid and economical flow of these data 
among universities, Government activities, industry, and date centers is 
required to assist in the efTective and timely realization of IDOE objectives. 
Also these data will be the principal currency for cooperation among par- 
ticipating nations. 

Figure X-l— Trends In Observational Programs of the Woods Hole 
Oceanographic Institution, 1961-68 
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The Intergovernmental Oceanographic Commission has identified a 
number of problems related to international sharing of data on the marine 
environment, including— 

(1) Improvement and consolidation of bibliographic and related in- 
formation services ; 

(2) Early exchange of plans and preliminary results of observational 
programs; 

(3) Integration of real-time exchange of oceanographic data with the 
meteorological system; 

(4) Development of methods for storage and retrieval of biological, 
geological and geophysical data ; 

(5) Automation of international data banks and improved pro- 
grams and methods for making their contents available; 

(6) Development of standardized and/or computer-compatible 
data formats; 

(7) Timely establishment or improvement of international inven- 
tories of ocean data and samples and provision foi centralized cata- 
loging of sea data available from various private and public sources; 

and # . 

(8) Strengthening the system of sorting centers for biologica. 

material. 

Neither national nor international capabilities are adequate to facilitate 
the exchange of the ever-increasing diversity and volumes of marine data 
being generated by many nations. In preparation for the projects of the 
1DOE, certain activities must be launched now to allow for effective utiliza- 
tion of the platforms and scientists as well as for distribution and analysis of 
the data. This preplanning takes on several aspects, each dependent on 
supporting actions of national and international data centers. Among these 
are the — 

(1) Development of national and international directories of hold- 
ings, and inventories of ongoing collection efforts; 

(2) Evaluation of kinds of data products to be developed from 
IDOE projects including atlases and computerized display systems; 

(3) Processing of data collected from foreign sources that bear on 
new project areas; 

(4) Extensive surveys of research literature covering selected IDOE 
areas; and 

(5) Establishment of communication links between data centers, 
scientists, and computers. 

NODC is now planning for implementation of its role in the IDOE with 
the National Science Foundation which has lead agency responsibility for 
the program. Also the Center will serve as the regional data center for the 
Cooperative Investigations of the Caribbean and Adjacent Regions 
(CIGAR). In a similar action, the Smithsonian Oceanographic Sorting 
Center is preparing to make its facilities available so that sorting activities 
can be done by trained technicians thus freeing scientific personnel for more 
direct participation in the analysis of the samples collected from IDOE 
expeditions. 
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Chapter XI 



FURTHERING MARINE SCIENCE 
RESEARCH AND MANPOWER 



In the prologue to “An Oceanic Quest” 1 the National Academy of Sci- 
ences and the National Academy of Engineering recommend these ob- 
jectives for future U.S. marine research programs to be performed during the 
International Decade of Ocean Exploration: “To achieve more compre- 
hensive knowledge of ocean characteristics and their changes and more pro- 
found understanding of oceanic processes for the purpose of more effective 
utilization of the ocean and its resources . 11 In its report, “Our Nation and the 
Sea ” the Commission on Marine Science, Engineering and Resources rec- 
ommended that “The Nation should establish as a major goal the advance- 
ment of an understanding of the planetary' oceans as a principal focus for 
its future basic marine science cfTort . 11 

Both recommendations suggest the importance of fundamental and applied 
oceanographic research to the attainment of better understanding and of 
more rational use of the seas. In an attempt to t inn the results of the 
national marine research program to best advantage, there has been, over 
the past decade, a concerted effort on the part of the Federal agencies 
to develop and foster programs of broad basic research which would 
ultimately enhance the future use of the world ocean. 



Dimensions and Nature off Research 

Scientific research, in its broadest aspects, has been the supporting struc- 
ture that has allowed the present national ocean program to flourish and 
expand to meet significant, current marine-related problems. Although 
large-scale cooperative experiments are necessary for establishing and verify- 
ing phenomena on a planetary' scale, only thoughtful study and research 
by individual investigators make these possible. 

The value of most research is not time limited. Usefulness of data, al- 
though they may decay in their absolute value, carries on as a foundation 
for future work or as a basis for more applied activities. Excellence in con- 
tent and method is insurance that basic studies will sene as keystones in 

1 “An Oceanic Quest; The International Decade of Ocean Exploration,” an 
appraisal of the Decade prepared for the Marine Sciences Council by the National 
Academy of Sciences and the National Academy of Engineering, 1969. 



H5 

// we are to understand, predict the behavior of and use the marine environment 
we must employ bisic marine research. Here, an investigator studies 
coral-destroying “Crown of Thorns ** Starfish in the Pacific . 



research. Perhaps the most notable example is that of the samples and in- 
formation gathered from the Challenger Expedition (1872-76) which are 
still being examined and compared with contemporary' studies. 

The marine sciences are multidisciplinary; marine scientists apply the 
fundamental disciplines of physics, chemistry, and mathematics as well as 
biology, astronomy, geology, and meteorology to their study of the world 
ocean. 

Influenced by the rotation of the earth, imbalance in solar heating, and 
interactions with the atmosphere, the world ocean acts as a large moderating 
system. But the ocean is not homogeneous; various physical and chemical 
processes act on it to bring out difference* in water masses and natural fer- 
tility. Boundary conditions imposed by continental masses and undersea 
topography mold the contemporary conditions within the ocean basins. 

As in other environmentally dependent disciplines, single solutions to a 
problem are never without relation to other causes or effects. Perhaps the 
geologic concept of “multiple working hypotheses” is an apt description of 
the nature of the present research endeavor in the marine sciences. But a 
multiple hypothesis approach implies a number of investigators and investi- 
gations, some operating on a small laboratory scale, others on collection and 
synthesis of information for the solution of global problems. 

The investigations and some highlights of last year’s work, presented in 
this chapter, are noteworthy examples of the nature of the marine sciences 
program — a blend of many problems and workers, each contributing to 
our understanding of the world ocean. 

Arctic and Northern Cold Regions 

The development of the Arctic and its adjoining areas often involves 
finding unique solutions to complex problems. It has become apparent, for 
example, that vast quantities of natural resources await us, yet in terms of 
exploration the area is extremely inhospitable. The environment is still 
largely unpolluted, although pollutants could persist for unusual lengths of 
time. The shortest routes between many world centers cross Arctic lands 
and waters, yet routine, scheduled commercial marine transportation through 
the Arctic region still lies far in the future. Strategically, the Arctic is of 
great importance but its environment precludes conventional surface naval 
operations and greatly changes the nature of most other military actions. 

Because of the Arctic’s overall significance and resource potential Arctic 
environmental research was one of the five initiatives selected by the Presi- 
dent for immediate, priority attention. Major objectives of the Arctic pro- 
grams will be — 

(1) Investigations of the polar icepack, including its effect on trans- 
portation and global weather; its interaction with coastal installations 
and morphology of the coastline; and its impact on sedimentation 
processes and coastal ecology’; 

(2) Study of the polar magnetic field and its effect on 
communications; 
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(3) Investigations of geological structures underlying the Arctic 
lands and polar seas as both potential mineral sites and hazards to con- 
struction and resource development; 

(4) Comprehending the balance of the Arctic ecosystem; and 

(5) Experiments on the degradation of liquid and solid wastes under 
Arctic conditions. 

Man’s psychological and physiological capacities to adapt to this in- 
hospitable environment also will receive increased attention. Consideration 
will also be directed to formulating an overall policy framework for Arctic- 
related activities, 

In support of this initiative and in view of the recent surge of commercial 
activity in the Arctic and their continuing mission objectives 11 Fed era' 
agencies are planning to expand or mount efforts of varied scope and in- 
tensity in fields including engineering, meteorological and environmental 
research, resource assessment and development, health and welfare, and 
Arctic transportation. The National Science Foundation has been given 
the lead agency responsibility for Arctic research programs. Of the $2 mil- 
lion requested for new Arctic programs by NSF in support of the Arctic 
initiative, $0.8 million would be funded for marine related activities. Federal 
funding for Arctic environmental research is shown in table XT-1. 



Table Xl-l— Federal Research on Arctic Phenomena 1 



[In thousands of dollars! 



Estimated fiscal year 
1971 funding 


Ice- 

pack 


Mag- 

netic 

field 


Geo- 

logic 

struc- 

tures 


Eco- 
■ logical 
balance 


Term a 
frost 


Waste 

degra- 

dation 


Human 

behavior 

and 

physi- 

ology 


Other 


Totals 


Department of 
Agriculture 








91.0 








273.3 


364.3 


Department of the Air 
"orce 




913 










913.0 


Department of the Army. 
Department of Commerce. 
Department of Health, 
Education, and Welfare. 


9 


58 


24 


50.0 1 


34 


90 




930.0 


1,201.0 




215 




215.0 












63 


214 


i, 223. 2 


1,500.2 


Department of the 
Interior 






893 


93.6 


464 


250 


2, 000.0 


3, 700. 6 


Department of the Navy- 
Department of 
Transportation 


1,583 

500 


25 


220 


95. 0 


V 


60 


35 


2, 667. 0 
100.0 


4, 745. 0 
600.0 


Atomic Energy 
Commission 




740 


567.5 


95 






1,669.0 


3, 271.5 


National Aeronautics Bnd 
8pace Administration... 
National Science 

FonndaUeir) 


324 


713 


350, 0 


80 






1,467.0 


800 


1,300 


500 


500,0 


200 




130 


820.0 


4,250.0 


Totals 


3,215 


3, 224 


2,377 


1,753.1 


013 


483 


379 


9, 582. 5 | 


22,227.6 









* This compilation Is broader than marine sciences. Marine-related Arctic research will total approximately 
l8tnU11on in FY 1971. 



Tj 1969, the Corps of Engineers through its Cold Regions Research and 
Engineering Laboratory pursued its program of studies into ice mechanics, 
including ice forces on marine structures and ships, investigation into tech- 
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niqucs of channel and harbor construction and maintenance, physics and 
chemistry' of frozen ground and construction on permafrost and hi offshore 
ice-bound coasts. Consideration was given to the use of ice as a construction 
material. In addition, the Corps provided technical advice during the 
Manhattan ' s transit of the Northwest Passage. 

The Coast and Geodetic Survey carried out coastal surveys of Alaska, 
including Norton Sound and Cook Inlet, and acquired information needed 
for development of a marine terminal at Anchorage; several standard 
nautical charts, bathymetric maps with geophysical overlays were also pub- 
lished for the Norton Sound area. In addition, a marine forecast center was 
established by ESSA at Anchorage to provide daily forecasts on weather, 
waves, temperature, visibility, and ice conditions. 

The Navy continued its Project Birdseye long-range ice observation and 
study program, covering much of the Arctic Basin at monthly intervals. Ice 
observations and forecasts were provided for several users, including the 
Manhattan's transit, as well as for military' Arctic resupply operations. Ice 
Island T-3, a passively drifting platform, carrying a multidisciplinary group 
of scientists, funded through Navy programs, provided much r.e\v knowl- 
edge of geophysical, oceanographic, cryological, and meteorological en- 
vironmental relationships of the Arctic Basin. The Naval Arctic Research 
Laboratory staff and associated scientists provided advice, guidance, and 
services to Government and private industry in numerous problems related 
to production and transportation of oil on the North Slope of Alaska. The 
Navy conducted submarine under-ice operations in which Navy scientists 
participated. 

A major investigation of western Greenland glaciers and oceanographic 
conditions was conducted by the Coast Guard to determine if the iceberg 
productivity patterns of Greenland glaciers have changed markedly. Teeing 
of several techniques for improved sea ice observing and forecasting included 
Navy’s use of ruby lasers to obtain detailed sea ice profiles, as well as esti- 
mates of roughness and surface reflectivity, and the Coast Guard’s use of a 
side-looking airborne radar for iceberg and pack ice observations, which 
provided direct support to the Manhattan. 

Other Arctic programs involved — 

(1) Geophysical experiments including bottom-mounted seismom- 
etry carried out by the Advanced Research Projects Agency (ARPA) of 
the Department of Defense in the Aleutian Ishnd area, leading to a 
more thorough understanding of the geology and geophysical structures 
of this island and trench complex ; 

(2) Development by ARPA of an Arctic surface effects vehicle as 
a principal goal, looking both toward military and commercial needs; 

(3) Development by Navy laboratory and university contract scien- 
tists of a des ; gn for a large scale experiment on sea ice dynamics — 
Project AIDJEX. ASVV hydroacoustic and thermal microstructure 
experiments are being developed as goals to be completed during the 
spring of 1970 from two manned and one instrumented, unmanned 
ice floe stations in the Arctic Ocean; 
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(4) A cooperative U.S. Navy/Canadian program of 15 dives by 
submersible to depths over 1,500 feet in the Canadian Archipelago in 
which geological, biological, and acoustical data were obtained; 

(5) Development by the Navy ol a coinputer-b?sed model which 
relates environmental data to the prediction of sea ice growth and 
decay; 

(6) Oceanographic surveys of the Bering, Chukchi, and Beaufort 
Sc as, as well as of other significant areas, continued by the U.S. Coast 
Guard, the U.S. Navy and U.S. Geological Survey; 

(7) A major study by the Coast Guard of polar transportation 
requirements, leading to the design of a five-year research program 
for which field work has already commenced with studies of sea ice 
along the Alaskan coast; 

(8) Bottom sampling and seismic profiling by the U.S. Geological 
Survey in the northern Bering Sea with emphasis on heavy metal de- 
posits and areas of petroleum potential; and 

(9) ESSA research programs including study of the solar-geophysical 
relationships and their related telecommunications effects. Investiga- 
tions encompass such areas as measurements of auroral air-glow and 
the anomalous effect on the geomagnetic field in the Arctic region. 



Ecological Shifts In the Environment 

Over the past decade, as research and survey operations have broadened 
the scope of knowledge about the marine environment, scientists have 
become aware of more subtle ecological shifts, both biological and physical. 
In some cases, such as the balance between anchovy and sardine populations, 
programs of scientific observ ation and conser* aton have attempted to re- 
store the balance between these species — thereby improving their economic 
potential. In other cases, where unexplained changes in water temperature 
or nutrient supply stimulate planktonic forms and cause toxic effects such 
as the “Red Tide,” attempts thus far to alter the ecological environment 
have not been successful since direct intervention in the situation is too 
costly or the resulting effect on the environment speculative. 

An example which will require further study is that of the appearance of 
a predatory starfish, Acanthastcr planci, commonly called the “Crown of 
Thoms,” in the U.S. Trust Territory, the Hawaiian and Marshall Islands 
group and ofF Australia. Its normal ecological position in past years has 
been that of a minor predator of coralline invertebrates, primarily those 
which live in coral reefs. During 1969 there were reports of widespread 
destruction of reef material by an influx of these starfish. Because this was 
an abnormal condition which might have serious consequences to reef 
ecologies, several agencies — the Department of the Interior, the U.S. Navy, 
the U.S. Coast Guard, the Smithsonian Institution and the National Science 
Foundation, have initiated studies of the affected areas. Although complete 
surveys of all island areas were not made a recent report points out that the 
starfish infestations are of serious growing proportions in some areas. 
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Some of the direr! consequences of thh change in ecological balance relates 
to man’s use of the areas under attack by Acanthaster (tlnnci. Reefs and 
atolls arc havens for numerous fish s|>ccics and arc /ones of high organic 
productivity. Destruction of the coral material of the reefs would upset the 
productivity of the reef, especially the productivity of fish useful to the 
local inhabitants. 

Understanding of the long-term effects of the predatory action of the 
"Crown of Thorns” is still rudimentary. For this reason, the Department 
of the Interior is examining the results of several independent rqmrts u 
in order to fonnulate further research into the nature of the infestations 
and future action in controlling or modifying the destruction of these 
Important natuial resources. 



Global Deep Drilling Investigations 

An outstanding example of a major U.S. research program, which relates 
to a global research problem, is the National Science Foundation’s ocean 
sediment coring program. 1 Recovery of cores from areas where the water 
depths arc over 20,000 feet has demonstrated the great jjoiential of the 
drilling ship Glomar Challenger. By determining the ages of the oldest 
sedimentary material in the cores the validity of the sea-floor spreading 
concept can be tested — if the Continents are drifting apart, the sea floor 
sediments should be piogrcssively younger in age near the proposed central 
area from which tectonic motion emanates. Preliminary shipboard examina- 
tion c f the samples indicated that this systematic shift in the age of sediments 
docs occur, lending support to this hypothesis. A reconstruction of the 
opening and formation of the Atlantic Ocean h now |>ossiblc as a result 
of the direct evidence recovered by deep sea drilling. 

Other signal discoveries from early examination of the corings have show n 
that the rales of sedimentation in the deep ocean basins vary with time 
and location by orders <> f magnitude. Curings taken in the Gulf of Mexico 
from the Sigsbec Knolls and related buried slmc lures of the dcej>cr portion s 
of the Gulf revealed that these formations consisted of salt diapirs having 
associated hydrocarbon deposits. 

Since much of our previous information concerning the igneous and 
sedimentary material of the ocean b/ttoin was inbired from indirect seis- 
mic methods, the recover)' of in situ rocks has answered questions of inter- 
pretation of geophysical information. Ho vcvcr, the drilling ha* * llso opened 
tip a multitude of problems relating to sequences of deeper sediments not 
heretofore predicted from analyses of previous oceanographic and geo- 
physical sediments. 



11 "Aftnthasttr jfaari- Impact on Pacific Coral Re*fi." firal rep. ri to US Depart- 
ment of rhe Interior, Research Laboratories Weitinghcnise Flee trie Corp . Pittsburgh, 
October I $69. (''Crown of Thoms'’ Workshop, Cftiveiriiy of California, San 
Dirftv, Scripps Institution of Oceanography , October 1969.) 

* Haiti for the ocean sediment coring program wt it described in the Marine 
Sciences Oninrir* third annual report, "Mni * Scienct Affairs -A V'ar of Broad- 
ened Parlkrpatioft." 
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Future scientific plans in the Deep Sea Drilling Project of the ocean sedi- 
ment coring program are based on the geophysical patterns devclo]>cd as a 
result of nearly l million miles of traverses conducted over the past two 
decades. Global patterns of gravity, magnetic and thermal anomalies, along 
with information about the composition, thickness and stratification of the 
sedimentary cover of the deep-sea and continental margins allow for the 
selection of drilling sites to verify and expand knowledge about sjxxific 
geophysical characteristics. Hyjrothcscs about major tectonic processes, 
long in scientific controversy, can be tested by a well-planned sampling 
program for the deep-sea and continental margins. 

Based on the analysis of these patterns and the need to validate a number 
of geophysical hypotheses, drilling is scheduled for continental margins of 
the major ocean basins, the Gulf of Mexico and selected sitcr of tectonic 
and sedimentary significance. Transition zones between the continents and 
the deep ocean basins will also be sampled to develop a belter understanding 
of their history and relevance to global tectonics. Reconnaissance of the 
Indian Ocean and Mediterranean Sea, and additional drilling in the 
Atlantic and Pacific Oceans will be undertaken in the near future. The 
tracks and drilling sites for the completed and proposed deep sea drilling 
project arc illustrated in figure XI -1. 

The drilling system of the Glomar Challcngrr will be modified to exlcnd 
its capabilities. Drilling innovations such as reentry of the borehole with 
drill pipe; a down-hole drilling motor; new instrumentation to monitor 
down-hole operations: drill or core bits with replaceable cutting elements; 
and other system Improvements will be considered and possibly tested as the 
program progresses. The ocean sediment coring program is producing, 
from both a technical and scientific standpoint, results of benefit to the 
scientific and industrial communities and providing valuable information 
on deep-sea drilling technology for future industrial use. 



Determining the Energy of the Environment 

The coupling between the atmosphere and ocean system* has been of 
interest to oceanographers and marine meteorologists. c*|X*ially as it affects 
basic atmospheric circulation and the exchange of energy, water, gases, and 
particulates at the sea-air interface. In carrying out its responsibility a* 
lead agency for sea-air interaction studies, ESSA coordinated the scientific 
program and logistical support for an experiment to study the exchange of 
energy between the ocean and atmosphere and the vertical and horizontal 
spreading of these energies within each fluid. Seven Federal agencies, 22 
universities and independent laboratories, and six industrial organizations 
participated in the cxjtfrimcnt. In all, an cx|icdition consisting of 12 ships 
and 28 aircraft, and 1500 scientists and technicians performed over 100 
experiments within the 90,000 square mile field area. Termed the Ratbadox 
Oceanographic and Meteorological Experiment fROMEXl, field operations 
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were conducted in the oceanic areas of the equatorial Atlantic off the Island 
of Barbados. 3 

One of the most difficult problems in mounting a medium scale oceano- 
graphic experiment is the coordination of large numbers of platforms and 
sensors required for timc-S)Tichronous measurements of fluxes, momentum, 
and other variables. Because of the nature of its design and the large number 
of participants, simultaneous measurements from levels below the mixed 
layer in the oceans to 60,000 feet could be taken, thus allowing for a com- 
prehensive characterization of the physical environment in the BOM EX 
area. 

The principal objectives of the BOMEX program were — 

(1) Determination of the flux of energy from the ocean to the at- 
mosphere — the sea-air interaction; 

(2) Investigation of the dynamics and structures of the mixed layer 
in the upper ocean; 

(3) Exploration of large convective systems over the tropical Atlantic ; 

(4) Determination of the radiation budget over the BOMEX area 
from the ocean surface to the top of the atmosphere ; and 

(5) Provision, by use of satellites, of scientific background informa- 
tion for BOMEX projects for comparison with actual direct measure- 
ments from other platforms, and for communication experiments with 
aircraft and ships for future global and ocean systems. 

The BOMEX program was diuded into several data-gathcring phases; 
two methods were used. Initially, the point method measured the upward 
and downward flow of energy* in both sea and air at specific points on the 
sea surface. The second, or volume method, treated the DOMEX area as 
a cube. In concentrated observation periods of approximately 4 days each, 
conditions in the BOMEX area were measured by instrumented balloons, 
by instruments dropped from aircraft, by the shipsat the comcrsof the array, 
and by* day and night ‘line integral'* flights around the cube’s outer perirn* 
e ter, These measurements will be used to calculate the net gains or losses 
in heat, moisture, and wind energy in the volume of air overlying the 
BOMEX square, ar*d the amount of heat £nd moisture that the atmosphere 
oxer the area receives from the sea, 

The fourth data-gathcring period was devoted to the exploration of 
convective systems. It is in these systems that most of the energy in the 
atmospheric boundary layer is transported to higher lewis and distributed 
throughout the troposphere. The choice of the areas was determined from 
clovd photographs taken by ESS A satellites and the NASA ATS-III 
synchronous satellite. 

The volume of data taken during the full BOMEX project is prodigious. 
Analysis and correlation of the information taken from inst rumen ta ted air- 
crait alone amounts to 4,000 hours of continuously ICcordcd observations 
of a variety of weather elements, [» cause of the enormous amount of data 
to be reduced and cot related it is estimated that the major data elements 



1 ffd<nl p»rtkip*ik*n in BOMEX inch<kd AEC, BeT, NASA, Ntvy, Air 

f <*cr, Cotit Gutrd and Geolofkal Satvty, 
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will not be reduced bcfo.c mid-1970. However, preliminary analysis of cer- 
tain data have revealed — 

(1) Strong eastward -moving currents in the Atlantic oft Barbados, 
where ocean atlases show predominantly westward How; 

(2) A large water mass, probably from the Amazon River, that re- 
mains unmixed with ocean water as far as 1,000 miles from its source J 

(3) The presence of small atmospheric “fronts” 3 to 4 miles long, 
with sudden temperature and humidity increases often followed by a 
rapid temperature drop, while the humidity decreases slowly over a 
period of 10 minutes — suggesting the existence of patches of moist 
and dry air a mile or more in diameter with little change in tempera- 
ture; and 

(4) Twice as much incoming solar radiation being absorbed in the 
tropical atmosphere as had been believed— indicating that the amount 
of solar radiation available to heal the oceans is less than previously 
estimated. 

BOMEX follows closely the recommendations of the Joint Panel on 
Sea-Air Interaction and the Panel on International Meteorological Cooper- 
ation of the National Academy of Sciences ( 1962) . These panels pinpointed 
the problem of sea-air interaction as one of the most important, but also 
most difficult research problems of our time, requiring the close cooperation 
of the atmospheric and oceanographic scientific communities. Such coopera- 
tion has been achieved in BOMEX. 



Undmtandlng Ocon Propirtle* * Through Rmarth 

During the past year a number of significant discoveries have been made 
at the oceanographic institutions and at various marine science departments 
which have increased our basic understanding of the living and nonliving 
properties of the ocean. Generally these are contributions of individual sci- 
entists to develop hypotheses concerning the ocean, its contents, boundaries, 
interactions and evolution. 

Extremely sensitive instalments were used to detect the presene ' of 10 
radionuclides in the ocean down to 1 ,500 meters. 4 Specific activities of rinc- 
65 and eobalt-60 detected in marine organisms were several orders of magni- 
tude higher than sea water probably indicating that the chemical and physi- 
cal forms of radionuclides arc selectively concentrated, especially in the 
differential chemical absorption an>ong certain inver teb rates. 

Continued investigations into the major geological structures of the cen- 
tral Noylh Pacific have significantly advanced the development of theories 
of sea floor spreading and plate tectonics. 1 Studies of bathymetric and mag- 



• Robertson, t>. R , Ransotelli, L. A , and R W. PerVins; "Multi-element Analysis 
of Sea Water, Marine Organisms and Sediments by Neutron Activation without 
Chetnkal Separation,’' Proceedings of International Symposium cm the Applications 
of Neutron Activation Analysis in Oceanography, Brussels, June 1$63. 

• Peter, G f Prklson, B. II , P. J. Grim; "Magnetic Structure of the AleutUn and 
Northeast Pacific Basin," Hr St$ t v ol. ^Intemience Press, I9S9. 



nc tic data have shown not only that the major East Pacific Fracture Zones 
extend westward to at least longitude 180° but ;hat there was a marked 
change in the direction of sea floor spreading during the early Cretaceous. 

Studies of portions of sea floor in the central North Pacific which arc 
considerably removed from active spreading centers indicate that abyssal hill 
topography reflects the original grain imparted to the crust during its forma- 
tion. 6 This new line of study on abyssal topography may prove a useful 
approach to investigations of sea floor spreading. 

Analysis of measurements made from the Office of Naval Research Drift 
Station ARLIS-1I in Denmark Strait revealed a temperature disturbance in 
the sediments corresponding to change in ocean-botton temperature of the 
order of 0.1° C. occurring several hours to a month prior to the observa- 
tions. 7 The results suggest that a surge of cold bottom water (-0.45° C.), 
100 km. in horizontal extent, spilled over the Grcenland-Iceland Ridge into 
the North Atlantic in April 1965. Details of such fluctuations and their con- 
trolling mechanisms arc poorly understood because of the difficulty of obtain- 
ing synoptic coverage of conventional hydrographic observations. “Memory 
of the Mud'’ provides a means of reconstructing the synoptic picture. 

Strength tests of in-place material on the sea bottom indicate that the 
strength of sedimentary material may be two to three times the strength 
as measured from core samples/ This may open new lines of investigation 
of the diagcnctic cfTccts on sedimentary materials at depth. 

Investigations are underway to determine the effect on the ecology of 
sea life of material which may be brought into the water column in the 
form of fine grained sediments during marine mining operations.* It is 
possible during marine mining operations that these sediments and nutrients 
brought from depth may harm the existing life or the presence of higher 
concentrations of nutrients may be of benefit to most life forms. 

The mechanism of absorption by the oceans of the excess atmospheric 
CO, from the burning of fossil fuels has been studied by scientists from a 
number of universities/* The utilisation of CO, by marine plants also affects 
the air-sea CO, exchange, but findings indicate that low CO, pressure regions 
produced by phytoplankton activities do not necessarily mean that vigorous 
air. to sea invasion of CO, will take place. It appears that the surface film of 
organic matter produced by phytoplankton over the sea surface can re- 
tard the invasion. 



* Grim, P. J , and R P. Naught; “A Fossil Deep Sea Channel on the Aleutian 
Abyssal Plain/’ Sc it are, vol 163, p. 3639, 1969. 

1 Lachenbruth, A. II , and B. V. Marshall, 1966 Heat Fkrw and Water Tempera- 
ture Fluctuations in the Denmark Strait. Jour. Ceoph. Res. 73 (18): 5829-5842. 

•Keller, G. II.; ’“Shear Strength and Other Physical Properties of Sediments from 
Some Ocean Batins/’ Proceedings ASCE Symposium, "Civil Engineering in the 
Oceans,” pp. 391-419, 1967. 

•Keeling, C D, "Carbon Dioxide in Surface Ocean Water — For the Global 
t>i s tri button of Partial Pressure/’ Journal of Geophysical Rerearth, vol 73, pp. 4543- 
4553, 1966 

* Park, K , Curl, It. C t and W. A. Gkv*chenko, "Cirhon Dioxide Anomalies 
in the North Pacifk Ocean,” Nature, vol. 215, pp. 360-381, 1967. 
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Preliminary experiments with the annual jellyfish Aurelia show that 
animals in the laboratory do not die synchronously in the summer as pre- 
viously assumed hut can be maintained alive for at least seven additional 
months in laboratory aquaria. 11 By controlling the animals* environment it 
is hojxxl th Individuals can be induced to perpetuate individual longevity 
almost indelmitely. In this system, size, time and sexual maturity can be 
separated as prime variables for an analysis of senescence for the first time 
in a large, easily handled laboratory animal. 

Phytoplankton have long been assumed to remain within the lighted 
surface layers of the ocean as a result of morphological and chemical modi- 
fications of the cell. 12 However, it has now been demonstrated that the 
sinking rates of these plants fall within the speed* and wind-induced, small 
scale circulation processes, indicating that the turbulent motion of the 
sea can adequately account for phytoplankton flotation. 

It has been demonstrated that phytoplankton growth is prohibited or pre- 
sented in waters over Xcw York City's sewage dumping area. 11 flic toxicity 
is increased by the addition of small amounts of trace metals and is partially 
decreased by the addition of inctal chclatois indicating the toxicity results 
of high concentrations of toxic metals in the sewage sludge. 

The relationship of changes in the tariffs magnetic |>o!arily to other 
phenomena in evidence from the study of pis'on cores from the Antarctic 
shows a strong relationship between changes in the c: rth’s magnetic jxdarity 
and earthquakes, 14 vole art ism, climatic changes, evolution and faunal ex- 
tinction. There appears to be a direct correlation between these phenomena. 

ITicrc arc now positive indications that major falls of tektites arc re- 
lated to changes rt the polarity of the earth’s magnetism. 1 * Present work is 
concentrating on determining the frequcrcy, causes, rates of change, and 
prediction of future changes of these natural phenomena with reference 
to environmental planning and hazards to mankind from the environment. 

Sediment cores obtained from Drift Station T-3 have been analyzed with 
respect to geological, geophysical, biological and climatic history as well 
as physical properties important to hydroacoustics applications. 1 * Utilizing 
established times of reversals of the earth’s magnetic field strata in Arctic 
cores have been dated jml sedimentation rates established at 12 6 mm/ 1000 
years during the last 4 million years. On the basis of analyses of inorganic 
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